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HOW TO USE THIS BOOK 


These two pages show you how to get the most from this book. 


@ THE CONTENTS 
Use the table of contents to see how this book is 


divided into themes. Each theme may have one or 
more demonstrations. 


@® THEMES 
Each theme begins with a theory section on yellow- 
coloured paper. Major themes may contain several 
pages of theory for the demonstr 





tions that are 
presented on the subsequent pages. They also 
contain biographies of scientists, whose work was 


© DEMONSTRATIONS 


Demonstrations are at the heart of any chemistry study. However, many demonstrations 
cannot easily be shown to a whole class for health and safety reasons, because the 
demonstration requires a close-up view, because it is over too quickly, takes too long to 
complete, or because it requires special apparatus. The demonstrations shown here have 
been photographed especially to overcome these problems and give you a very close-up 
view of the key stages in each reaction, 

The text, pictures and diagrams are closely connected. To get the best from the 
demonstration, look closely at each picture as soon as its reference occurs in the text. 

Many of the pictures show enlarged views of parts of the demonstration to help you see 
exactly what is happening, Notice, too, that most pictures form part of a sequence. You will 














important in the understanding of the theme. find that it pays to look at the picture sequence more than once, and always be careful to 


make sure you can see exactly what is described in any picture before you move on, 


















Weactions of less reactive metals and acids 


eed 


The main heading for a demonstration 
or a set of demonstrations. 






An introduction expands on the 
heading, summarising the demonstration 
or group of demonstrations and their 
context in the theme. 








Each demonstration is carefully 
explained and illusteated with 
photographs and, where necessary, 
with diagrams, tables and graphs, 
The illustrations referred to are 

i numbered @, ®, @ etc 


‘The photogeaphs show the key 
stages that you might see if you 
witness a demonstration at first= 
hand, Examine them very carefully 
againyt the text description, 


Chemical equations are 
shown where appropriate 
(see the explanation of 
equations at the bottom 
of page 5). 








APPARATUS 
The demonstrations have been carefully 
conducted as representative examples 
of the main chemical processes. The 
apparatus used is standard, but other 
choices are possible 
| 





nd you may see 
different equipment in your laboratory, 
so make sure you understand the 
principles behind the apparatus 
selected. The key pieces of apparatus 
are defined in the glossary, 








@ GLOSSARY OF TECHNICAL TERMS 


Words with which you may be unfamiliar are shown in 
small capitals where they first occur in the text. Use the 
glossary on pages 66-74 to find more information about 
these technical words. Over 400 items are presented 
alphabetically. 
















oxidising agent a substance 
that removes electrons from 
another substance being 
oxidised (and therefore is itself 
reduced) in a redox reaction 
Example: chlorine (Cly). 





© CHEMICAL EQUATIONS 


Important or relevant chemical equations are shown in written 
and symbolic form together with additional information. 


What the reaction 
equation illustrates 


Word equation ———.§ 


Symbol equation 
‘The symbols for each 
element can be found 
in any Periodic Table. 













@ INDEX TO ALL VOLUMES IN THE SET 

To look for key words in any of the 12 volumes that make up the 
ChemLab set, use the Master Index on pages 75 to 80. The instructions 
on page 75 show you how to cross-reference between volumes. 











The most important locations 
of the term ‘oxidising agent” 
are given in a master index 
which includes references to 
all of the volumes in the 
ChemLab set. 






Where relevant, the oxidation state is 
shown as Roman numerals in brackets, 





EQUATION: Reaction of copper and/nitric acid 
Copper + nitric acid © copper(II) nitrate + water + nitrogen dioxide 
———— Cu(s) + 4HNO,(conc) © Cu(NO3)2(aq) + 2H, O(!) + 2NO3(g) 


Blue 








ABBREVIATIONS 
Units are in the international 
metric system, Some units of 
measurement are abbreviated, 
or shortened, as follows: 

C = degrees Celsius 
km = kilometre 

m = metre 

em = centimetre 
mm = millimetre 

sq m = square metre 
= gram 

kilogram 






The symbol indicating the 
state of each substance is 
shown as follows: 





olid 

gaseous 
(J) = liquid 
(aq) = aqueous 





(conc) = concentrated 


The correct number of atoms, ions and 
molecules and their proportions in any 
compound are shown by the numbers, 
A free electron is shown as an e~. 


Sometimes additional 
descriptions are given 
below the symbol equation. 


‘The two halves of the chemical equation 
are separated by the arrow that shows 
the progression of the reaction. Each 
side of the equation must balance. 














AIR 


The air is a mixture of gases which together make up 
the Earth's atmosphere. The most important gases in 
the atmosphere are nitrogen (No, 78% by volume) and 
oxygen (Os, 21% by volume). 

Although, in comparison with these two gases, 
the percentage of all other gases is small, many (such 
as water vapour, carbon dioxide, sulphur dioxide, and 
the noble gases, such as helium and argon) do have 
important influences on the atmosphere or represent 
valuable resources for the chemist. 

The atmosphere of today is probably very different 
from that in the past. The ear 





atmosphere was most 
probably dominated by ammonia and methane. It was 
only when plants began to flourish that oxygen began 
to become a major part of the air. The amount of 
argon gradually increased as part of the natural 
radioactive decay of the Earth’s rocks. 

Ozone (O3, an ALLOTROPE of oxygen) is a rare, but 
vital, gas, It is found mainly in the upper atmosphere, 
and reaches a maximum concentration of 10 parts per 
million in the ozone layer, at an altitude of 30 
kilometres. Ozone is the primary shield for ultraviolet 
radiation from the Sun. 


History of investigations of the air 

The constituents of the air have proved difficult to 
isolate. The ancient scientists were not even able to 
deduce that the air was a MIXTURE of gases. This was 
first discovered in the 17th century by John Mayow. 


He was able to separate oxygen (because it was used 
up in COMBUSTION) from all the other gases. However, 
he was not aware of the nature of the gas he had 
identified. In fact, it proved easier to work with the 
part of the air that did not support combustion. 
Antoine Laurent Lavoisier called it ‘azote’, meaning 
lifeless, hence explaining the use of the term azote by 
French scientists for the gas called nitrogen in the 
English language. Daniel Rutherford called it ‘the 
poisonous part of the air’, although as it proved, 


THE PHLOGISTON THEORY 
The Phlogiston Theory was an 18th century concept to explain 
combustion, first introduced by German scientists, Johann Becher 
and Georg Stahl. This theory suggested that any combustible 
material contained an invisible substance, phlogiston, which 
escaped when the material burned. 

During the 18th century, many famous scientists tried to 
justify their experimental work using the phlogiston theory. 

But it was the French scientist, Antoine Lavoisier, who began 
to question it. Lavoisier showed that metals gain weight on 
burning, while the volume of air becomes smaller by about a fifth. 

When Joseph Priestley discovered oxygen (which he called 
dephlogisticated air), Lavoisier interpreted oxygen as the source 
of combustion. Lavoisier then found that the compounds formed 
by burning non-metals, such as sulphur and carbon, in oxygen 
were acidic, he coined the name oxygen (from the Greek for acid 
former) for the gas. 

Lavoisier also decomposed water by passing it through a hot 
iron tube. He found that the inside of the tube became coated 
with rust (iron oxide), while hydrogen gas was emitted from the 
far end of the tube. This led Lavoisier to propose the name 
hydrogen (from Greek words meaning water former) for this gas. 

As a result of these experiments, the phlogiston idea was 
gradually abandoned. 








there was nothing particularly poisonous about any gas 
in the air. 

The first gas to be isolated from the air was one of 
its minor constituents, carbon dioxide. Joseph Black 
described carbon dioxide (then known as ‘fixed air’) 
in 1755 and demonstrated that it could be made from 
DECOMPOSING calcium carbonate. He also showed that 
calcium carbonate could be made from calcium oxide 
powder (quicklime) and carbon dioxide gas, thus 
showing it to be a REVERSIBLE REACTION involving a gas 
from the air. 

Carbon dioxide is absorbed by growing vegetation 
and by the world’s oceans. It is produced by the 


(Below) The composition of clean, dry air by volume. 







Oxygen 21% 


Noble gases 1% 
(helium, neon, 
argon, krypton 
and xenon) 


Carbon 
dioxide 0.03% 


Nitrogen 78% 





GREAT EXPERIMENTAL SCIENTISTS 
Joseph Priestley 


Joseph Priestley (1733-1804) was born near 
Leeds, England. He grew up wanting to enter 
the ministry and remained a dedicated 
unorthodox Christian believer throughout his 
life. During his studies in Warrington, England, 
he met Benjamin Franklin, a colonist from 
North America. It was Franklin, himself an 
excellent experimental scientist, who 
encouraged Priestley on his scientific career. 
He continued to be interested in electricity 
and gases, which he described as ‘different kinds of air’. 

Priestley lived close to a brewery, and his interest in FERMENTATION 
led him to study gases more deeply. He found carbon dioxide as a 
layer of gas which formed over the brewing vat and which Joseph 
Black had named ‘fixed air’ just a few years before. He discovered that 
carbon dioxide would dissolve in water under pressure and give a fizz 
to water when the pressure was released, thus starting the craze for 
soda water that continues to this day. 

Priestley then moved to Wiltshire where he invented the pneumatic 
trough for collecting gases over water. He also collected water-soluble 
gases over mercury. 

His experiments led him to discover nitric oxide (nitrogen 
monoxide, NO) and then nitrous oxide (dinitrogen oxide, N,O) in 
1772. He then isolated ammonia gas by collecting it over mercury. 

In 1774-1775 he discovered oxygen by heating mercuric oxide. He 
called his new gas simply ‘dephlogisticated air’. Thus it was that he 
told his rival, Antoine Lavoisier, about the experiments and this 
encouraged Lavoisier to name the gas, oxygen. 

Priestley’s experiments included the discovery of nine new gases in 
all, including nitrogen, nitrogen dioxide, hydrogen chloride, and 
sulphur dioxide. 

Priestley continued to be a very controversial religious person and 
he was not liked in England for his views against the established 
church and his support of the French Revolution (that was soon to 
cost their most famous scientist, Lavoisier, his head). This is why he 
emigrated to the new United States in 1794, following his three sons, 
who had gone there earlier. Here, in isolation from controversy, he 
lived quietly until his death in 1804. 
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GREAT EXPERIMENTAL SCIENTISTS 
John Dalton 


John Dalton (1766-1844), was born in 
Cumberland, England, to Quaker parents. 
Not being a member of the Church of 
England, he was not, at that time, 
allowed to go to Oxford or Cambridge 
Universities. He was bright enough to be 
a teacher at the age of 12 and later 
became a headmaster. In 1793, he moved 
to Manchester where he taught 
mathematics. Later he moved to York. 

Dalton began collecting meteorological observations in 1787, In 
1794, he discovered that he was red-green colour blind, a condition 
that, for a while, become known as Daltonism. He also investigated 
the change in density of water with temperature. 

His meteorological investigations led him to comment: “Having 
been long accustomed to make meteorological observations, and to 
speculate upon the nature and constitution of the atmosphere, it 
often struck me with wonder how a compound atmosphere, or a 
mixture of two or more elastic fluids, should constitute apparently a 
homogeneous mass... and thus why the mixture didn’t separate out, 
with the heavier gases sinking to the bottom.” This led Dalton to 
believe that the particles (or ATOMS) of oxygen and nitrogen had 
different weights. 

Dalton then concluded that mixtures of particles of a gas repel 
only their own kind and have no effect on particles of other gases. 
From this he derived his Law of Partial Pressures (that the pressure 
of the gas equals the pressure of each of the gases present). Later, 
Dalton went on to propose the Law of Definite Proportions, that is, 
that elements combine with one another in exactly the same ratio of 
weights for any given COMPOUND (18 kg of water always contains 
16 kg of oxygen and 2 kg of hydrogen). 

In 1803, Dalton drew up a table of ATOMIC WEIGHTS, giving 
hydrogen a value of 1, the beginning of atomic theory. He believed 
that (i) matter consists of particles called atoms; (ii) that atoms of the 
same ELEMENT are identical, but that most of different elements have 
different properties (iii) when elements combine they do so in simple 
proportions to form MOLECULES. 














respiration of people and animals and also when 
natural materials decay or are burned. Carbon dioxide 
also absorbs heat that would otherwise be lost to space 
and for this reason it is often called a ‘GREENHOUSE 
GAS’. 

The discovery and isolation of oxygen was one of 
the great struggles in scientific history. In the 18th 
century, it was clear that some part of the air was 
responsible not just for life and combustion, but also 
for rusting and other phenomena, In 1774, Joseph 
Priestley heated mercury oxide and from it obtained a 
gas. He was able to show that substances burned better 
in this new gas (which at the time he thought was 
phlogiston; see page 6). In 1794, Lavoisier named this 
new gas oxygen. (Note that oxygen was also discovered 
independently in 1771 by Karl Scheele in Sweden, but 
this discovery was not known about in scientific circles 


until many years later.) 





GREAT EXPERIMENTAL SCIENTISTS 
James Dewar 


Sir James Dewar (1842-1923) was a 
Scottish scientist who was interested in 
making gases into liquids. For this 
purpose, he invented a vacuum jacket, 
called the Dewar Flask, which kept the 
contents cold. Unfortunately, Dewar 
didn’t patent his invention and it was 
later adapted for everyday use and is 
often known as the ‘thermos flask’. 

Dewar was the first person to obtain liquid oxygen, then liquid 
hydrogen and finally solid hydrogen. He was also the co-inventor 
of the explosive called cordite. 








GREAT EXPERIMENTAL SCIENTISTS 
Karl Wilhelm Scheele 


Karl Wilhelm Scheele 
(1742-1786) was born to 
poor parents in Sweden. 
At age 14 he was made an 
apothecary’s (pharmacist’s) 
~ assistant in Gothenburg, 
and it is at this time that 
he learned about 
chemistry. He later 
became an apothecary in 
his own right, finally 
settling in Uppsala, Sweden. — 
In the 1770s his brilliance as a chemist was 
recognised and he was offered many posts in 
Universities, but he preferred to remain an 
apothecary. Thus it was left to his friends to 
publicise his work. None the less, he was elected 
to the Swedish Royal Academy of Science. 

Scheele discovered more new substances than 
anyone else in the history of chemistry. Among the 
many substances that he discovered, or was 
connected with discovering, were several elements, 
including nitrogen and oxygen. He also discovered 
the effect that light has on silver salts, a vital step 
in the invention of photography. 

However, because he did not move in academic 
circles, and was not intent on publishing his work, 
other people often got the credit for discoveries. 
The classic case of this involved the gas oxygen. 
Scheele, in fact, discovered oxygen independently 
and three years before Joseph Priestley (to whom 
the discovery is popularly attributed). 

Scheele got all of his extensive experimental 
work into a short life, dying when he was only 43. 








Gradually, it became possible to isolate all of the gases in the 
air. By 1784, Henry Cavendish had accurately determined the 
percentages of nitrogen and oxygen by volume, in the air. The 
other main gas, argon, was inert. Cavendish knew it was inert but 
was unable to identify it. This was finally achieved in 1894 by Lord 
Rayleigh and Sir William Ramsay. 


GREAT EXPERIMENTAL SCIENTISTS 
Henry Cavendish 


Henry Cavendish (1731-1810) was an extremely wealthy 
man, a recluse, and a famous English scientist. He went 
to Cambridge University, but left without taking a 
degree. His father encouraged his scientific interests 
and he was thus able to perform experiments at will. 

Cavendish spent much of his time studying gases 
and was the first to demonstrate that hydrogen, 
which he called ‘inflammable air’, was a gas 
separate from carbon dioxide, known as ‘fixed air’, 

He studied the solution of metals in natural water 
supplies, and thus discovered hard water and 
calcium carbonate. 

By putting a mixture of hydrogen and oxygen into 
a narrow glass tube and introducing an electric spark, 
he obtained an explosion that yielded water droplets, thus 
showing that water was a compound of these two gases. At the same time, he 
showed that the gases were reduced in volume. He also showed that nitric acid 
was a mixture of nitrogen, oxygen, and water vapour. 

From all of these investigations, he deduced that air is four-fifths nitrogen 
and one-fifth oxygen. 

Cayendish believed that every charged body was surrounded by an electric 
atmosphere which eventually helped in the formulation of the idea of electrical 
fields and the nature of static electricity. 

The Cavendish Laboratory in Cambridge, England, one of the foremost 
research institutions in the world, is named after him. 






















Demonstrating that air contains oxygen 


There are many ways of demonstrating that air 






contains oxygen, several of them connected with the 






Bell jar with 


stopper PP 


Tap water and 
Universal Indicator 


way in which oxygen from the air is used up during 





combustion. This demonstration uses white phosphorus. 






Demonstration: combustion of phosphorus 
in air 

White phosphorus is an extremely reactive element 
of Group 5 in the PERIODIC TABLE. This particular 
form of phosphorus is very unstable because of the 
arrangement of the phosphorus atom. 

White phosphorus is supplied as sticks for use in 
the laboratory, and because it is really quite soft it can 
be cut with a spatula (@). However, even chopping a 
small piece off a stick causes the freshly cut end to 
smoke. As phosphorus can ignite spontaneously before 
it is replaced under water, 






White phosphorus Crucible lid 


Pneumatic trough 
stored under water floated on a cork 





some speed is useful when 
handling it in air. 

The apparatus used 
in this demonstration 
consists of a bell jar and 
a pneumatic trough 
containing water (@). If 


some Universal Indicator Cutting white 


phosphorus 
with a spatula 


White 


is added to the tap water 
phosphorus 


in the trough and stirred, 
the resulting solution 
becomes slightly purple. 
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The presence of the indicator helps to show what is 
happening during the combustion reaction. 

A small piece of phosphorus is to be floated on, 
but kept out of contact with, the water inside the bell 
jar. To do this, a float is made out of a crucible lid 
fixed to a cork, 


Wire with heated 
tip is used to ignite 
phosphorus. 


EQUATION; Phosphorus burns to produce acidic phosphorus(V) oxide 
Phosphorus + oxygen © phosphorus(V) oxide 
P,(s, white) + 5Ox(g)  PyOjo(s) 





The piece of phosphorus is placed on the crucible 
lid (@) and the bell jar placed over the top, first 
removing the stopper so that the water level inside and 
outside the jar can become the same. To speed up the 
onset of combustion, the phosphorus is touched with a 
warm piece of wire through the top of the bell jar (@) 
and the stopper quickly put back (@). 

Combustion of the phosphorus rapidly uses up the 


oxygen in the bell jar and produces a white smoke of 


Bell jar containing 
air is sealed witha, \ 
large stopper. / 


J Phosphorus(v) 
oxide smoke 


17 a 7 


yEcgersd 








11 











phosphoric oxide particles (®). At first, 
the heat from the burning phosphorus 
will make the gas inside the bell jar 
expand, and so the water level will fall 
inside the bell jar and rise in the trough 
(®). However, as the oxygen is used up, 
the burning stops, the gas inside the bell 
jar cools down, and the level of water 
inside the bell jar starts to rise. 

The white phosphorus oxide will 
settle either on the sides of the gas jar o1 
on the water. As this happens, the colour 


of the indicator inside the bell jar will 





turn to red as the phosphorus(V) oxide 
combines with water to form phosphoric 
acid. The product of the combustion of 
phosphorus in air is therefore an acidic 
oxide, 


The rise in water level inside the bell 





jar is a rough guide to the proportion of 
the air, and therefore oxygen, used 


during the combustion (@)). 
5 


Remarks 

White phosphorus is normally kept 
under water because exposure to air 
leads to SPONTANEOUS COMBUSTION. 
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The water level rises, showing 
the proportion of oxygen in 
the air in the gas jar. 


\ 
The phosphorus(V) oxide dissolves 


in the water, forming phosphoric 
acid, which turns the indicator red 
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Calculating the percentage by volume of oxygen 


in the air 


Air consists of a mixture of gases dominated by nitrogen 
and oxygen. One way of determining the percentage of 
oxygen in air is to remove the oxygen by a chemical 
(OXIDATION) reaction and to note the change in volume 
of the air. This was done in an approximate, but rapid, 
manner on page 10, In the following demonstrations, the 
percentage of oxygen is determined more accurately using 
slower forms of oxidation, 
Demonstration 1: oxidising phosphorus slowly in air 
The apparatus consists of a long, narrow, graduated tube, 
a gas jar and a piece of phosphorus on the end of a wire. 
First, a small amount of phosphorus is melted under 
water in a test tube and the hooked wire inserted. As the 
phosphorus cools, it solidifies around wire (@), thus 
allowing the wire and phosphorus to be taken out of 
the test tube. During heating, the water pre 





ents ignition. 

The phosphorus has to be exposed to a known 
volume of air. 

The wire and phosphorus are now inserted into the 
inverted graduated tube (@). The tube has enough water 
in it such that, when it is turned the right way up and 
placed in the gas jar containing water, the levels can be 
adjusted so that the water in the tube and the gas jar are 
the same (that is the gas in the tube is at atmospheric 








pressure). In this demonstration, the graduated tube is 
adjusted to contain about 50 cm’ of trapped air (@). 


® 






Phosphorus in air space. 
The volume of the 

phosphorus is very small 

Hooked tip compared with the gas. 


to wire \, 


White phosphorus 
is melted in a test 
tube of water. 
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The graduated tube is then clamped and the 
apparatus left undisturbed for 2 to 3 months. The 
phosphorus will react with, and remove, the oxygen 
from the known volume of air to form solid 
phosphorus(V) oxide. The change in the volume 
of the air is a measure of the proportion of oxygen. 





Warer leyels are adjusted to be the same 
inside and outside and then the volume is 
read from the measuring tube. 


Periodically, the level of water in the tube is 
adjusted to match the level in the gas jar and so bring 
the gas back to ATMOSPHERIC PRESSURE, The new 
volume is then recorded. When the volume ceases to 
change between readings, the final volume has been 
achieved, and all the oxygen in the air sample has 
reacted with the phosphorus. In this demonstration, 
the initial volume was 50 cm*, and the final volume 
was about 39 cm*® (@). Thus 11 cm* of oxygen were 
used up. This is, of course, approximately 21% of the 
original air volume, the percentage of oxygen by 
volume generally present in air. 

Remarks 

In order to read the volume of gas in the tube, it is 
important to make sure that the pressure on the gas 
is always the same. This is why the tube is raised and 
lowered until the water level inside the tube is the 
same as the level outside. Furthermore, readings 
should only be taken when the atmospheric pressure 
is the same as when the apparatus was set up. It is 
therefore important to note the atmospheric pressure 
using a barometer and only make readings when the 
atmospheric pressure is the same as when the first 
reading was taken, This will then constitute a fair test 
of the volume of gas consumed. 

Note that the photograph has been taken before 
the levels in the tube and the gas jar have been 
adjusted, in order to make it possible to see the water 
in the tube. 
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Clamps and a retort stand hold 
the apparatus firmly in pl 





Silica tube containing 


Three-way tap copper turnings 








Demonstration 2: oxidising copper in air 

As an alternative to slow oxidation at room temperature, 
a metal can be oxidised by heating it in a closed system 
that contains a known amount of air. Ifa surplus of metal 
is used, then the reaction between the metal and the 


-n in the air and 





oxygen in the air will use up all the oxyg 
so the amount of gas left in the system will get smaller. 
The apparatus consists of two gas syringes joined 
together with a three-way tap and a heat-resistant silica 
tube. The apparatus clamped between two retort 
stands in a horizontal position (@). 
A gas syringe is similar to a hyperdermic syringe, 


in that it contains a piston which runs in and out of a 








glass cylinder. The piston is precision-ground so that 
it is a gas-tight fit into the cylinder. The sides of the 
cylinder are marked off in graduations to enable 
changes in gas volume to be measured. 

The other specialised piece of equipment is a 
silica tube. Silica has a low coefficient of expansion 


(which means it is not very likely to crack when 
heated) and a high melting point (which means it 
can be used as a mini-furnace). 

The silica tube is packed with copper turnings 
(small shavings of copper). One end of the tube is 
connected to a three-way tap. The tap allows air to 
be expelled or admitted into the syringe—-tube system. 

The tap is turned to allow air to enter the syringe 
on the left nearest the tap. The syringe is now pushed 
in fully to expel the air. (The three-way tap is turned 
to connect the tube and the other syringe and this 
syringe pulled out (®) until it reads 50 cm*.) 

The three-way tap is now turned again so that it 
connects both syringes, but so that it isolates the 
apparatus from the atmosphere. 

The silica tube and copper turnings 





are now 
heated in a Bunsen flame until the reaction produces 
solid, black, copper oxide (©). Us 
the trapped air can now be pushed backwards and 





ig the two syringes, 
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A volume of air is drawn into one 


syringe and measured. In this case, 


50 cm? of air was used. Gas syringe 


EQUATION: Oxidation of copper 
Copper + oxygen & copper(II) oxide 


2Cu(s) + O3(g) & 2CuO(s) 





forwards through the silica tube and over the copper 
turnings (®). The copper oxide occupies hardly any more © 


volume than the original copper turnings. 





For small quantities of air, heating the copper for five oe) 


minutes is sufficient to use up all of the oxygen. The heat 


is then removed and the apparatus is allowed to cool down 
u i 3 } 1 ‘opper is placed inside 
lhe syringe now reads about 40 cm” instead of its starting ST ee TN retells 


silica tube, which is 


value of 50 cm®. About 10 cm®*, or 20%, of the air has been heated to red-hot with 
; ee ee AN 1 Bunsen flame 
consumed in the oxidation of the copper. This is a 


measurement of the proportion of oxygen in the air sample. 
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Testing for nitrogen in the air 


Although nitrogen makes up almost four-fifths of the 


atmosphere, it is difficult to test for nitrogen gas 
because it is a very unreactive element. However, when 
magnesium burns in air, so much energy is liberated 
that nitrogen also reacts with the magnesium to form a 
solid, magnesium nitride. This is contained in the white, 


solid ash, which is the product of the combustion 





um in air 
The apparatus uses a crucible and lid. The objective is 


Demonstration: combustion of magn 





to heat the crucible with magnesium inside it until it 
turns into magnesium oxide. To ensure the magnesium 
oxidises, it is important to use a loose-fitting lid to the 
crucible so that air can enter. 

A strip of magnesium ribbon is placed inside the 
crucible, The crucible containing the magnesium strip 
is placed on a pipe-clay triangle on the tripod, and the 
lid is placed on top (@). The crucible and its contents 
are heated over an intense Bunsen flame until it glows 
red-hot (@). 

During the heating, the magnesium reacts with the 
oxygen in the air to form magnesium oxide (MgO). 
However, it also reacts with nitrogen in the air to form 
No). 


To prove that the crucible contains nitride, the 


magnesium nitride (Ms 





crucible is allowed to cool, and the lid removed (@)). 
Distilled water is now added. The magnesium nitride 
reacts with the water to form magnesium hydroxide, 


and at the same time it gives off ammonia gas. 





The presence of the gas can be tested for with damp 
pH paper (@) — it turns the pH paper blue because 


ammonia is an alkaline gas (@)). 


EQUATION: Combustion reaction of magnesium with the oxygen in air 
Magnesium + oxygen magnesium oxide 
2Mg(s) + Oo(g) & 2MgO(s) 


EQUATION: Combustion 





reaction of magnesium with the nitrogen in air 
Magnesium + nitrogen © magnesium nitride 
3Mg(s) + No(g) © Mg3No(s) 


EQUATION: Adding water to the combustion product 


Magnesium nitride + water * magnesium hydroxide + ammonia gas 
3Mg(OH),(aq) + 2NH3(g) 


Mg;3N,(s) + 6H,O(I) ¢ 


Crucible and 


7 crucible lid 





Magnesium aecaas 1 
ries Tripod stand Pipe-clay triangle 
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Testing for carbon dioxide in the air 


Carbon dioxide exists as a very small proportion 
(0.03%) of the atmosphere, but its presence can 

be detected readily. This can be done either by 
bubbling air through limewater, or by noticing its 
reaction with sodium hydroxide. In both cases, the 
metals are SPECTATOR IONS, the active reaction being 
the combining of a hydroxide with carbon dioxide 


to form a carbonate. 

Demonstration 1: reacting carbon dioxide 
and air with sodium hydroxide 

First, we need to establish that carbon dioxide will 


react with sodium hydroxide to form a white 
precipitate. 


Funnel — 


Petri dish — 





Colourless sodium 


— hydroxide 


A Petri dish is half filled with sodium hydroxide 
solution, and a fuiinel is inverted (@) and placed in 
the liquid (@). The funnel is connected to a supply 
of laboratory-produced carbon dioxide (for example, 
a Kipp’s APPARATUS or a flask, by reacting dilute 
hydrochloric acid with calcium carbonate), The 
purpose of the funnel is to produce a large surface 
area for reaction between the gas and the liquid. 

After carbon dioxide had been allowed to bubble 


through the solution for a while, the supply of carbon 


Carbon dioxide is Ah Lae v 
passed intothe —— 
funnel and bubbles 


through the sodium 


hydroxide solution. 


Sodium 
carbonate 











dioxide was turned off, the funnel lifted slightly clear 


of the sodium hydroxide solution, and the apparatus 
left overnight. The following morning, a white 
encrustation of sodium carbonate can be found on 
the rim of the funnel and across the Petri dish (@). 
What happens overnight is that the reaction first 
produces colourless hydrated crystals of sodium 


EQUATION; reaction of carbon dioxide with sodium hydroxide 


Carbon dioxide + sodium hydroxide © sodium carbonate + wa’ 


CO 2(g) + 2NaOH(aq) © NaCO3(s) + H,O(/) 








Sodium carbonate 


enerustation 





carbonate, but overnight these EFFLORESCE (dehydrate 
in air), changing to a white powder. 

The equivalent demonstration, using the carbon 
dioxide in the air, can now be performed. All that is 
rhe 


shaken, 


required is a glass reagent bottle and a stopper 
reagent bottle is filled with sodium hydroxide 
and then left for a week. At the end of this time, the 
stopper will be encrusted with a white deposit of 


sodium carbonate, as the carbon dioxide has reacted 





with the sodium hydroxide from the bottle ( 


Remarks 

If the stoppers on sodium hydroxide bottles are left 
undisturbed for too long, the chances are that the 
growth of the sodium 
carbonate deposit will 
cement the stopper 
firmly to the bottle! 
This is the reason why 
sodium hydroxide 
bottles are fitted with 
rubber or plastic 
stoppers. A plastic 
stopper is flexible 
enough to be worked 


clear of the glass 

















Demonstration 2; reacting air with calcium hydroxide 
his demonstration will also test for the presence of carbon 





dioxide in the air. It consists of a side-arm boiling tube partly 
filled with calcium hydroxide solution (limewater) (@)) and 
fitted with an inlet tube that leads through the stopper into 
the calcium hydroxide solution. A rubber tube is connected 
from the side arm to a suction pump 

The suction pump is switched on (@). As the 
demonstration proceeds, air is sucked through the calcium 
hydroxide by the pump, The passage of the air is shown by 
bubbling it through the solution, Because the carbon dioxide 
isa small part of the atmosphere, it takes about a day for the 


limewater to turn cloudy (@). 


Remarks 

The time taken for the calcium hydroxide to detect carbon 
dioxide in the air depends on the rate at which air can be 
drawn through the solution, and this varies with the 
equipment used, If carbon dioxide is bubbled through 
calcium hydroxide for too long, the cloudiness will disappear 
and the solution will go clear again. Thus, one day is probably 
the right length of time for the demonstration to run, whereas 
three days would be too long, It is desirable to check the 


apparatus daily to find when the cloudiness is most intense. 


HQUATION 1; Initial reaction of carbon dioxide with calcium hydroxide 
Carbon dioxide + calcium hydroxide “> calcium carbonate + water 
CO p(g) + Ca(OH)a(aq) © CaCO (s) + H,O()) 


EQUATION 2; Prolonged reaction of carbon dioxide with calcium hydroxide 
Carbon dioxide + caleiwm carbonate + water © calcium hydrogen carbonate 
CO (g) + CaCO, (s) + H,O(/) # Ca(HCO )s(aq) 





Side-arm 
boiling tube 
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Calcium hydroxide 
(limewater) 


ay 


Clamp 











Air sucked in here 





ie 







A suction pump is 
connected to the 
side-arm boiling, 
tube by rubber 
tubing. Air is drawn 


through the calcium 


hydroxide solution 





Cloudiness from the 
calcium carbonate 
particles in solution 
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WATER 
Water is one of the main constituents of the surface 
of the Earth, 1lis present as salt water in the Earth's 
oceans, and found as fresh water in rivers, lakes and 
the world’s ice sheets and glaciers, A small, but vital, 
percentage of the wor Id’s water is found as vapour in 
the atmosphere, 

Water is useful in the chemist’s laboratory. It is 
a REACTANT, and also an excellent SOLVENT and a 
CATALYST for many chemical reactions. 


Water molecules 
Many of the properties of water result from its very 
unusual structure, Water MOLECULES consist of two 
hydrogen ATOMS and one oxygen atom (H.O) BONDED 
atan angle of about 104 degrees (@)), The hydrogen 
atoms are attached to the oxygen by COVALENT BONDS, 
One important property of a water molecule is 
that itis highly POLAR, This means that it behaves as 
though it has a positive charge at one end and a 
negative charge at the other, The poles are found at 
the oxygen atom (which has a net negative charge) 
and midway between the hydrogen atoms (which have 
a net positive charge), This polar property is produced 
from the bent shape of the molecule. The polarity can 
be demonstrated by charging up a plastic comb with 
static electricity (rubbing it against clothing) and then 
placing it close to a thin stream of water flowing from 
a tap, The stream of water will bend towards the comb, 
attracted by static electricity, 





Ice, the solid form of water, forms in eight 


different structures, Each water molecule of an ice 
crystal (which may accumulate to form a snowflake) 
is bonded to its neighbours by weak HYDROGEN BONDS. 
Hydrogen bonding of water molecules gives water 
many properties quite unlike any other substance. It 
accounts for the surface tension effect in water as well 
as melting and boiling points higher than would be 
expected by comparing water with other substances. 
For example, when water freezes into ice, 
hydrogen bonding holds the water molecules apart in 
a LATTICE that makes ice only nine-tenths as dense as 
liquid water (@). There are far more hydrogen bonds 
in ice than in liquid water, and as melting occurs, so 
some of the hydrogen bonds break, allowing water 
molecules to pack together more closely and making 
liquid water much denser than the solid. 
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The gaseous form of water is called water vapour. 
Steam is water vapour produced as the result of 
boiling, but evaporation will provide enough energy 
to allow water to evaporate throughout its liquid range. 
Unlike liquid water and ice, where the water molecules 
are bonded together, water vapour consists of 
individual molecules. 


Chemical properties of water 
Coyalent water molecules make water a very poor 
conductor of electricity, But, at the same time, water 
is an excellent solvent, and many substances that are 
IONIC will dissolve in it. This works because the water 
dramatically reduces the attractive forces between the 
CATIONS and ANIONS of a substance and allows them 
to break apart. 

Any substance dissolved in water 
is called an AQUEOUS SOLUTION 
(a solution in water). Once a 
substance has become ionised 
in water, the conductivity of 
the aqueous solution 
increases dramatically. 
Thus it is only distilled 
water that is a good 
insulator; normal tap water 
contains many dissolved salts 
and so is a relatively good 
conductor of electricity. 

Water is a stable substance 
and will not DISSOCIATE into 








ms ‘ater molecule 


hydrogen and oxygen gases unless a large amount 
of energy is applied, for example, in the form of an 
electric current (see page 32). Thus, heating water to 
its boiling point will not make it dissociate, it merely 
makes it vapourise, 

Water can act either as an OXIDISING AGENT or as 
a REDUCING AGENT, For example, water can oxidise 
carbon to carbon monoxide (page 54), liberating 


hydrogen gas. It may also reduce chlorine gas to 





hydrogen chloride, releasing oxygen gas (page 56: 


(Left) This is a 
representation 
of the atomic 
structure of ice, 


Hecrogen bond 

















25 

















Testing for liquid water 


Che two common tests for the presence of water in a 
liquid are that it turns: 

(a) anhydrous cobalt(II) chloride pink. 

(b) anhydrous copper(II) sulphate blue. 


However, because any liquid containing water will 





pass both of these tests, the only test that will verify 
that a colourless solution is pure water is to check that 
its boiling point is 100°C and its freezing point 0°C. 


@ 


Distilled water is 
added from a pipette. 


Purplish-blue anhydrous 
cobalt(ii) chloride 








Demonstration 1: using anhydrous cobalt(II) 
chloride 

Cobalt chloride is the most sensitive of the indicators 
for water. If left out in a room for a while, the water 
vapour in the air will be sufficient to turn it pink, In 
the demonstration below, a few drops of water were 
added to purplish-blue coloured cobalt(Il) chloride 
powder on a watch glass (©). The colour change to 
pink occurred within a few seconds (@ & @) (an 
example of the use of this test is shown on page 30), 


Pink hydrated 
cobalt(tl) chloride 





EQUATION: Test for water using cobalt(t!) chloride 

Anhydrous cobalt(11) chloride + water © hydrated cobalt(1!) chloride 
CoCl;(s) + 6H,O(/) & CoCl,*6H0(s) 

Blue solid Pink solid 
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Demonstration 2: using anhydrous copper(I) sulphate 
Anhydrous copper(II) sulphate is a white powder. It is more stable 
in air than cobalt(I!) chloride and is often used as a drying agent 
in demonstrations. When a few drops of water are added to some 
white anhydrous copper(II) sulphate powder on a watch glass (@), 
the powder turns blue as the water is absorbed into the structure 
of the copper(I) sulphate (@ & ©) (see page 36). 

Blue hydrated 


Fy copper(Il) sulphate 
oe oe 


Distilled water is 
added from a pipette. a! 


White anhydrous a 


copper(tt) sulphate 





EQUATION: Test for water using copper(II) sulphate 
Anhydrous copper(Ii) sulphate + water © hydrated copper(tl) sulphate 


CuSO4(s) + 5HO(!) © CuSO4*5H)O(s) 
White solid Blue solid 
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Testing for water vapour in air 


The presence of water vapour in the air can be shown 
in many ways. Here are a variety of demonstrations 
from the purely observational to the more chemically 


complex 





Demonstration 1: observing boiling water 
When water is boiled, it gives off invisible water vapour 
(@). However, the amount of water vapour that can be 
contained in air is limited, and, in cool conditions, the 
water vapour recondenses to form droplets, The effect 
is to produce steam, as seen, for example, with a 


boiling kettle 


Water vapour 
(water in its 
yaseous state) 
is colourless 
but become 
visible as water 


droplets form 


Kettle containing 


boiling, water 








Demonstration 2: observing freezing water 
The fact that water vapour exists in the air can be 
demonstrated by freezing a bottle and then exposing 


it to the air (Q). The cold surface of the bottle coc 





down the surrounding air and the 

amount of water vapour the air can 
hold is reduced. The surplus vapour 
condenses to water and then freezes 


on the bottle surface as an icy coating. 


Demonstration 3: hydration of 
concentrated sulphuric acid 
Concentrated sulphuric acid has a 
strong affinity for water and will 
absorb it from the air to make a more 
dilute solution of the acid, becoming 


progressively more HYDRATED, This 





can be used to show the presence ‘Aastha water eoee eens 


of water vapour in the air because, bette, so texpanded, 


cracking the glass, 
over time, the volume of very 
concentrated sulphuric acid 
exposed to air will increase as it absorbs water. 

lo demonstrate this property, two bottles (@), one 
half filled with water and the other containing an equal 
volume of concentrated sulphuric acid (yellow dye was 
added to identify the acid), are placed inside an airtight 
container ((4)). Over the following weeks, the 
concentrated sulphuric acid takes the water out of the air 


and becomes more dilute, Evaporation occurs from the 





bottle containing the water, and this water yapour is also 
absorbed by the concentrated acid, As a result, the level 
of liquid in the acid bottle rises and the acid becomes 


more dilute, while the level in the water bottle falls (@). 














@ oe © 


sulphuric acid 


Distilled water 





Raseht <a Bottles 
cera ; Tet Opt 





E f Hydration of 
Se ae sulphuric acid 
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Combustion of hydrogen to form water 


Water can be produced by reacting hydrogen with 


oxygen in the air. 


Demonstration: burning dry hydrogen in air 

In this demonstration, dry hydrogen is burned in air 
ind the products of the reaction tested for water using 
anhydrous cobalt(tl) chloride (@, see also page 34) 

\ supply of hydrogen is generated in a flask by 
reacting dilute hydrochloric acid (containing a copper 
catalyst) and zinc. Some steam is produced during this 
reaction, and so the hydrogen is dried by passing it 


over calcium chloride granules in a U-shaped tube 


mouthed 


Wide 


collecting vessel 


calcium ¢ 


Side-arm boiling 
tube is connected 
to a sucti 





« 


Dry 
blue cobale(it) 


(anhydrous) 


chloride is placed 
in the bottom of 
the side-arm 


boiling tube 





The dry hydrogen burns with a colourless flame. 
But, because of the high temperature of the flame, it 
also melts some of the glass nozzle and the sodium 
content masks the hydrogen colour and, instead, shows 
the colour of heated sodium, which is yellow (@). 

The gas from the combustion of hydrogen in air is 
collected in a wide-necked vessel (@). Condensation is 
seen in the vessel but, to prove this is indeed water, the 
combustion products are sucked into a side-arm boiling 
tube containing blue cobalt(11) chloride using a 


suction pump. Water vapour turns cobalt(II) chloride 


U-tube containing 


hloride 





‘Hydrochloric acid and 
. copper(I!) sulphate. 
(copper catalyst) are 
dropped on to zine in 
the conical flask 
producing wet 
hydrogen 





Remarks 
An alternative, and simpler, demonstration can be done by 


playing the dry hydrogen flame on to a flask containing 


cold water, The combustion of the hydrogen in air produces 


water vapour, which then condenses on the cold surface of 
the flask (®). 


en with oxygen 
Hydrogen + ox 
2H,(g) + O2(g) © 2H,O(aq) 





ooo 


Water can be decomposed by an electrical current. 
This process is called ELECTROLYSIS. Electricity is an 
important source of energy for many chemical 
reactions, Pure water is not a good ELECTROLYTE, but 
it can be made to contain sufficient IONS by the use of 
a solute such as sodium sulphate. Neither the sodium 
nor the sulphate ions yield gases, so the only gases 
evolved are from the ionisation of water. 


Demonstration: electrolysis of a sodium 
sulphate solution in water 
This apparatus is suitable for carrying out electrolysis 





in which gases are liberated. A platinum (non-reacting) 


Decomposing water by electrolysis 


ELECTRODE, held by a rubber stopper, is placed in each 
arm of a U-tube containing an aqueous solution of 
sodium sulphate (@). Sodium sulphate is colourless 
and so, to provide visual information about the 
progress of the reaction, some Universal Indicator is 
added (@). The indicator is green initially, showing 
that the solution is neutral. 

The electrodes are connected to a power pack by 
cables and crocodile clips. The side arms of the U-tube 
allow the gases produced in the space above the 
solution to be led off for collection. The gases are 
collected over water in two inverted boiling tubes, 


ELECTROCHEMICAL REACTIONS AND ELECTROLYSIS 


There are two kinds of electrochemical reactions: those that occur when 
electricity flows through a substance and those reactions which produce 
electricity (batteries). Both rely on a liquid chemical medium in which 
ions can move freely. This liquid is called an ELECTROLYTE. 

It will conduct an electric current while, at the same time, being 
chemically changed or decomposed by the current. Chemists call the 
container which holds the electrolyte, a CELL. 

In an ELECTROLYTIC CELL, electricity from an outside power source 
such as a battery or power supply is passed through the electrolyte 
using conductors called ELECTRODES. The electrode connected to the 
positive terminal of the battery is called an ANODE, and the electrode 
connected to the negative terminal of the battery is called a CATHODE. 

An electrolyte conducts electricity because it contains a SOLVENT, 
such as water, and a SOLUTE that ionises (splits apart into positively 
charged jong (cations) and negatively charged ions (anions). For 
example, sulphuric acid (the solute) dissolves in water (the solvent) 
to give an aqueous (in water) solution containing positively charged 
hydrogen ions (H’, cations) and negatively charged sulphate ions 
(SO, anions), Some of the water also dissociates into H* and OH ions. 








Because the solute consists of charged ions, the positive (2 
the cell attracts the negative (in the case of this ‘ 
hydroxide) anions. When the anions reach the anode, they give up 
electrons and thus discharge (lose their charge). The hydroxide 

form (oxygen) atoms, which may then group themselves into n 

(in this case of oxygen gas). The cations (in the case of this e: 
hydrogen ions) are attracted to the negative electrode ( e 





concluded that the amount of an element liberated by a: 
quantity of electricity is related to atomic weight of the € 





each filled with water. These are suspended in small 
pneumatic troughs by means of clamps. 

As the electric current is applied to the solution, gas is 
liberated at the electrodes. In this demonstration, hydrogen 
is liberated at the CATHODE (negative terminal) which in 
this case is on the left, and oxygen is liberated at the ANODE 
(positive terminal) on the right (@, see page 34). 

At the same time as the gases are generated, the 
indicator changes colour at the electrodes; violet at one 
and red at the other, indicating an acid reaction at one 
electrode (red) and an alkaline reaction at the other 
electrode (violet) (@, © & ©, see pages 34 and 35) 


A power pack supplies an electrical current 
that is passed through the sodium sulphate 
solution (electrolyte) via the electrodes 









Boiling, tube is 


Crocodile clip filled with water, 





inverted and held 





ina clamp over 
the end of the 














Platinum electrodes Side arm 





are non-corroding delivery tube in a 


in the electrolyte. 









beaker of water, 










Delivery tube 






U-tube 









Colourless sodium 
Universal Indicator has been added 


sulphate solution 
to sodium sulphate solution 
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An excess of hydrogen 
ions (H*) remain near 






the anode, making an 


acidic solution of 










sulphuric acid that 
turns the indicator red 












An excess 






hydroxide (OH 





ions remain near th 





cathode, ng an 


alkaline s 


sodium hydroxide 














that turns the 


dicator purpl 
indicator purp 
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Water of crystallisation 
Some solids take up water, forming: crystalline 


This is 


Hyclated samples ofa solid’ (which contain the 


SEPUCLUPOS called water of erystallisation 


mount ob water) can be obtained by 


Vhe 


hydrated erystals 


Hatin 
partially evaporating a soliton water of 
crystallisadon in these can be 
removedt by heating or by using a dehydrating 

ayent such as sulphuric aeid, changing them to 


\NEYPROUS form 


WwW 








Demonstration 1: heating hydrated sodium 
carbonate crystals 
fo show that a hydrated solid contains water, some 
hydrated crystals of translucent sodium carbonate 
decahydrate are heated (NagCOy*l0H,O) (@). Within 
a few seconds, the solid begins to melt, then boil and 
steam is given off ((2)). The presence of water from this 
change can be tested because it turns blue cobalt (1) 
chloride pink. The white powder, that remains when 
the steam stops being evolved, is anhydrous sodium 
carbonate (NasCOs) 

\lso, if the hydrated crystals are exposed to air (@), 
they dehydrate turning to a white anhydrous powder — 
they are said to EFFLORESCE (@) (see also page 20). 











Anhydrous sodium 
carbonate (NaCO,) 








Dark blue hydrated 
copper(I) sulphate erystals, 
(CuSOy*SH,0) 


Demonstration 2: dehydration hydrated copper(t) sulphate 
using concentrated sulphuric acid 
\ dise of blue hydrated copper(1) sulphate crystals (CusO *5ELO, 
copper(I) sulphate pentahydrate) is prepared and placed ina Pets 
dish, Some concentrated sulphuric acid is dripped on toa part of the 
sample (@)) and allowed to stand for two hours 

Concentrated sulphuric acid has a strong affinity for water (see also 
page 28) and dehydrates the blue hydrated copper(t) sulphate to 
form white anhydrous copper(I) sulphate (CGuSO,) ((é)) 
Remarks 
Many of the anhydrous forms of compounds that contain water of 
crystallisation readily absorb moisture to resassume their hydrated 
condition, Some will change colour at the same time, Copper(i) 
sulphate changes from white to blue, and cobalt(il) chloride (CoG) 
from blue to pink, as water is absorbed, Because of this visible change 
in colour, they can be used to test for, or even remoye, moisture ina 


laboratory experiment (see pages 26, 27 and 30) 





Some concentrated 


using a pipette. 


Zi © ene 
( 
~ J 





sulphuric acid is added 





iid 








Water as a reactant 














Water as a catalyst 


A catalyst is a substance that increases the rate of a 
chemical reaction, whilst itself remaining unchanged 
at the end of the reaction, The name catalyst comes 
from the Greek word ‘katalysis’, meaning to break up 

Catalysts are effective in very small quantities 
The exaet way tn which a catalyst works is offen Hot 
understood, although it is thought that the catalyst 
may form a temporary complex with the reacting 
materials and thereby recdtce the amount of energy 
needed for the reaction 


luminiom powder 
lusdine I 


crystals 





Distilled water is 
added fron a pipette 











In many reactions, water is an HISEIS ped ted catalyst, 
Reactions attempted in superdry apparatus offen do 
not work! Normal glassware is covered ina thin, 
invisible layer OF moisture at normal temperatures, 

In some reactions, water is obviously a catalyst, 
because the reactions do not happen until a drop 
of water is added, Then a violent reaction occurs 

between the other reactants, 


Demonstration: reacting 

iodine and aluminium using 

a water catalyst 

Some dry aluminium powder ig 

phiced on a heabresistant gauze 
® disc, and iodine crystals mixed 
with it (QD). No change oceurs 
and no reaction takes place, 
However, when cistilled water is 
dripped on to the mixture (@)), 
vw reaction immediately occurs which releases 
dense purple iodine fumes (@) & @)), In this case, 
the water acts asa catalyst, (Dripping water on to 
iodine crystals does not produce any fumes.) 

Because iodine is poisonous, this 

demonstration has to be performed ina fume 
chamber, Also because (rietion might well also 
cause a reaction, the mixing has to be done gently 
and with care, 





EQUATION 3: Reaction of aluminium and iodine 


Aluminium + iodine aluminium iodide 
2Al(s) + 3L(g) & 2AlL(s) 


Water as catalyst 


loving vapour iy 
released, owing 
wo the heat of 





ae , 
> =~ . ay a <-+ 2) @ 
2 a a ; 
<< 
~. ; 
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Water reacting with both acids and bases 
Water will react with both acids and bases. Thus the 


most soluble gases not only dissolve in water, but react 


with it, to produce either acidic or alka 


Demonstration: reaction of ammonia and water 


The extreme solubility of ammonia gas in water 





its alkaline reaction with we kes the fountain 





r 





1 


experiment a suitable demonstration of how water 


| 


produces both hydrogen (H") and hydroxide (OH 


ions 


lhe apparatus consists of a pneumatic 














filled with water, and a large, long-necked flask. The 
flask is first filled with ammonia gas, It is then clamped 
W eck downwards over the pneumatic troug! 
\ long, thin, flexible tube is led from the stopper 
the flask to the water in the trough. A few drops of the 
chemical indicator, phenolphthalein, are now added to 
the water, The indicator is colourless because the water 
has a pH of around is neutra 

Ether liquid is poured o » the flask, causit 
temperatare of the ammonia to drop, The ammonia 





therefore contracts, and the pt re inside the flask is 
reduced, As a result, aunospheric pressure is now able 


to push water from the pneumatic trough 





tube and into the flask (@)) 


\s soon as the first drops of water come into 





contact with the ammonia gas, the 





mimonia goes into 


sohation, and there is a further rapid drop of pressure 
I I 





in the Mask. Atmospheric pressure then causes the 





alein indicator 





is colourless when neutral. 











Fountain of water 
immediately turns pink, due 


to the alkaline ammonia. 








water to spurt into the flask (@), 
producing a fountain, The flask soon fills 
with bright pink water, as the ammonia 
turns the water alkaline, and thus makes 


the indicator turn pink (@)) 


Remarks 
By definition, an ACID is a substan 
which provides hydrogen ions, Th« 
hydrogen ions come from the water 
which is therefore an acid in this 
reaction 

When water produces a hydrogen 
ion, it also produces a hydroxide ion 
This is what causes the ALKALINE reaction 


shown by the indicator 


NH,(g) + H,O(/) & NH 


This can be written as 


NH4,(g) + H*(aq) * NHy*(aq 





Ami 





When you test for ammonia using an 
indicator, it is the hydroxide tons from 
the water that are causing the alkaline 
reaction, not the ammonia itself (hence 
the need to use damp pH paper if the 


indicator paper is used for the test) 




















Water produces acidic properties 


Any substance that has acidic properties will ionise 
in water. One test for acidic properties is therefore 
to test for the presence of ions in solution. Further 
tests are reaction with a metal such as magnesium 
and reaction with a carbonate such as anhydrous 


sodium carbonate, 


Demonstration 1: a solution of hydrogen 
chloride gas in methylbenzene is not acidic 
In this demonstration, hydrogen chloride gas is 
prepared in a conical flask by reacting 
concentrated sulphuric acid and sodium chloride 
(@). The gas produced is passed through a 
delivery tube and some rubber tubing to a funnel. 
The funnel is immersed in some dry (no water) 
liquid methylbenzene in a beaker. A funnel allows 
the gas to spread out over a large surface area of 
the liquid, and so maximises the opportunities for 
the gas to dissolve. 

Hydrogen chloride gas contains no ions. If it 
is dissolved in dry methylbenzene, the result is 
hydrogen chloride molecules mixed in with 
methylbenzene molecules. There are no hydrogen 
ions and therefore no acidity to the solution. 

The solution of hydrogen chloride and 
methylbenzene can now be tested for an acid 
reaction. Two test tubes are made up with the 
colourless solution. A piece of magnesium ribbon 
is placed in one (@) and anhydrous sodium 
carbonate is placed in the other (@). 





‘ _ a 

H 
Dropper funnel 
with tap allows 
controlled 
production of gas. 


Concentrated yi 
sulphuric acid 







Delivery tube 
and flexible, 
rubber tubing 













Conical flask 7 
Funnel 


| Sodium 
chloride Hydrogen chloride 

powder gas bubbling 
through the liquid 


Dry methylbenzene 
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These two test tubes contain 
dry methylbenzene solution 
of hydrogen chloride. 


Magnesium ribbon 
does not react and 
sinks. 





Anhydrous 
sodium carbonate 
does not react. 


These two test tubes 
contain an aqueous solution 
of hydrogen chloride. 


Magnesium ribbon 


reacts releasing Anhydrous sodium 


bubbles of hydrogen carbonate reacts, 
gas, which lift the releasing bubbles 
metal to the surface. of carbon dioxide. 


No reaction occurs in either tube, 
showing that hydrogen chloride gas 
cannot behave as an acid in a solution 
without water. 


Demonstration 2: a solution of 
hydrogen chloride in water is acidic 
The demonstration is repeated but, this 
time, the hydrogen chloride gas is 
bubbled through distilled water as the 
solution in the beaker. The result is an 
aqueous solution of hydrogen chloride 
(hydrochloric acid). 

Some of the aqueous solution is 
poured into two test tubes and once again 
tested for an acid reaction. A piece of 
magnesium ribbon is placed in one (@) 
and some anhydrous sodium carbonate 
placed in the other (©). Vigorous 
reactions occur in both test tubes. At 
the end of these reactions, the sodium 
carbonate and the magnesium ribbon 
have ‘dissolved’ entirely, showing that 
there was an excess of acid in the tubes, 
while the first two tubes remain with 
unreacted reagents in them. (Addition 
of water to the tubes containing the 
methylbenzene solution causes reactions 


as in tubes @ and @).) 
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The reaction of water with metals 


lhe most reactive metals (those in Groups | and 2 





of the Periodic Table) react with water, releasing 
hydrogen and yielding an alkaline metal 
hydroxide. One way of looking at the reaction of 
water with these metals is to consider that the 
hydrogen ion of the water is actually reacting with 
the metal, that is, the water is behaving as an acid 
The hydroxides produced by Group | metals 
(such as sodium and potassium) are soluble (they 
produce strong BASES), whilst the hydroxides 
produced by Group 2 metals (such as ealeium and 
barium) are less soluble (although they are also 


strony bases) 


Demonstration 1: reaction of sodium with 
water 
If a piece of sodium is dropped into water ina 
shallow beaker to which phenolphthalein indicator 
has been added (Q@)), the pellet immediately be gins 
to react, Hydrogen is released in the reaction, 
buoying up and propelling the pellet along the 
surface, forming a fizzing trail (@)) 

Phe reaction also produces sodium hydroxide 
which is strongly alkaline and causes the 
phenolphthalein indicator to turn pink (2 &@) 


Che sodium hydroxide is soluble, and so the 





solution in the beaker remains clear throughout 


EQUATION: Reaction of sodium metal with water 


the reaction and no solid precipitate is seen Sodium + water © sodium hydroxide + hydrogen 


2Na(s) + 2H,O(I) & 2NaOH(aq) + H2(g) 
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The heat released from the reaction makes the 
metal form a rolling, molten ball and turns some of 
the water to steam, The pellet of sodium used in 
this demonstration had reacted completely within 


20 seconds, 


reaction of calcium with 





Demonstration 2 
water 
When a small pellet of calcium is placed in a 
shallow beaker of water (without indicator 
solution), it sinks to the bottom. At this stage, an 
upturned test tube, which has been filled with 
water, is placed over the pellet 

A reaction between the calcium and the water 
begins, Hydrogen is released (@)) in sufficient 
quantity for bubbles to buoy up the calcium pellet 
and carry it to the surface (@)), Here, the hydrogen 
bubbles burst and the pellet begins to sink until 
enough new bubbles have formed to raise the pellet 
to the surface again (@)). In this way, the calcium 
pellet bobs up and down in the test tube 

The hydrogen displaces the water from the test 
tube, and the reaction continues for approximately 
a minute until all the metal has reacted 

Phe reaction of the calcium with the water 
quickly saturates the water in the test tube with 
calcium hydroxide (also known as limewater) 
More calcium hydroxide is now insoluble and 
forms tiny granular particles (precipitate) that 
remain suspended in the water, turning the water 
cloudy (@). 








EQUATION: Reaction of calcium metal with water 
Calcium + water © hydrogen gas + calcium hydroxide 


Ca(s) + 2H, O()) © Hy(g) + Ca(OH) (aq) 
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Solubility in water 


Any solution contains a (liquid) SOLVENT and a (solid or 


gas or liquid) SOLUTE. When as much solute is dissolved 





or contained in a solvent as possible, at a particular 
temperature, the solution is said to be saturated. This 
demonstration shows how to find out the amount of 
a SATURATED SOLUTION in 
ature. A variety of solutes are 
compared for their solubility in a solvent, water. 





solute required to produc 
a solvent at room tempe 





Demonstration: finding the solubility of a solute 
A saturated solution of the solute under test must first be 
prepared. To do this, the solid solute is added to a beaker 
about half filled with the solvent (@). The solvent used 
here is distilled water. 

Small amounts of the solute are added gradually to 
the water and stirred using a stirring thermometer. When 
no more solute will dissolve, the solution is saturated 
(®). The reading on the thermometer is taken. 


Solid solute 


\ is added, 
p \ 












Saturated solution 


ee 
Stirring rod | 

q Beaker ; 

a“ \ 
ae 
Undissolved 
| solute 
\ —)~ Water 








Evaporating basin 
with saturated 
solution added 


Evaporating 
basin (bowl) 






Balance 
shows mass 






—— driven off. 


Evaporating basin 
with dry solid residue 


Heat applied 
with a Bunsen 
burner 





The solution produced by dissolving any solute 
in water is described as an aqueous solution. It is 
important to note that the use of distilled water as 
opposed to tap water is important because tap water 
already contains dissolved solids (solutes). 

Next, the mass of the solute dissolved in a given 
volume of solvent to make the saturated solution must 
be measured. An evaporating basin is weighed (@). 
Some of the saturated solution is poured into it (@), 
and the evaporating basin and its contents are 
reweighed. The evaporating basin and solution are 
then gently heated using a Bunsen flame (©) until 
the water has evaporated completely and only dry 
solid remains (©). After allowing the basin to cool, 
the basin and this residue are weighed again. 
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Calculation 
Using the measurements, the solubility of the solute 
in water can be calculated as follows: 


Mass of evaporating basin = a grams 

Mass of evaporating basin and solution = 6 grams 

The mass of the evaporated solute and basin = ¢ grams 
Therefore the mass of solute is c-a = d grams 

and the mass of water evaporated is b - ¢ = e grams 

Because | cm’ of distilled water has a mass of 1 gram, then 

d grams of solute were dissolved in ¢ cm? of water. 

This result can now be multiplied to show the mass of solute 
that will dissolve in 100 cm? to make a saturated solution — the 
solubility — at this temperature. 


Results 
The masses of various solutes dissolved in 100 cm" 
of water at 25°C using this method are shown in 
the photograph (@). It is clear that some 
substances such as sodium thiosulphate are 
extremely soluble in water whilst others, such as 
calcium hydroxide, are not. 


Potassium permanganate 
(potassium manganate(Vvn), 
KMn0,), 32.0 ¢ 


Potassium perchlorate 
(potassium chlorate(V1), 
KCIO,), 6.5 g 


Potassium dichromate(VI) 
(K,Cr,0-), 37.0 g 





It is important to realise that the amount of solute 
that can be held depends on the temperature of the 


solution. This is the reason why all of the solubilities 





shown in this demonstration were performed at a 
standard 25°C. The variation in solubility with 
temperature is shown in the demonstration on page 50. 
















100 cm’ of distilled water at 25°C. 
) = The masses of each of the solids 
shown here will dissolve in this 
volume of water to make a 


Sodium thiosulphate 
saturated solution. . P 


(Na,5,0,), 302.0 g 


lron(i!) chloride 
(FeCl), 196.0 g 


, ee ae Calcium hydroxide 


~ (Ca(OH),), 0.1 g 
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Solubility varies with temperature 


In general, the solubility of a substance increases with the temperature of the water in the tube enough to 





increasing temperature as this demonstration shows allow all of the potassium chlorate to dissolve. 


Demonstration: solubility of potassium chlorate When all of the solid has dissolved to give a 


The apparatus consists of a boiling tube, a burette and colourless solution, the boiling tube is allowed to cool 


l efirriion inued. The srature 
a suirring thermometer and a laboratory balance nut the stirring is continued, The temperature of the 


ion is taken whe > first crystals < ar 
Because this is a quantitative demonstration, weights solution is taken when the first crystals appear (®), 


i « is Vi > of water was 98°C is stag 
and volumes have to be measured and recorded for which for this volume of water was 98°C. At this stage, 


each step almost all of the potassium chlorate remains dissolved, 


To investigate changes in solubility, 5 g of and the solution has just become eaturated: Beets 
potassium chlorate (potassium chlorate(v), KCIO) at this temperature, 10 cm? of water dissolves 5 g of 


(@) are weighed out into a boiling tube (Q & @) potassium chlorate. This is the maximum solubility at 
10 cm’ of distilled water are added from a burette this temperature. 


(4) & G)), and the mixture heated over a Bunsen Another 5 cm” of water are added, the boiling 
flame, while being stirred with a stirring thermometer tube is reheated until all of the potassium chlorate has 
(®, sce page 52). The objective of heating is to raise dissolved, and then it is allowed to cool. As before, the 





The potassium chlorate 
is now weighed. 


Seales are set to zero 


with the test tube 


@ 


Crystals of 


potarsium chlorate 

















temperature when the first crystals appear 
is recorded, This time, when the first 
crystals appear, the temperature is found 
to be lower than before. This is the 
solubility with a slightly higher dilution, 
The demonstration is continued for 
additional quantities of water (@), see 





page 53) so that a table of data can be 
tabulated (@), and from this a graph of 
the various levels of solubility against 
temperature can be drawn (@). 

Solubility can be expressed as the 
mass (in grams) of a solute per 100 grams 
of solvent. So, 5 g of potassium chlorate 
dissolving in LO cm® of water (1 cm!" of 
water is equal to 1 g, so 10 em* are equal 
to 10 g) correspond to 50 g in 100 g ora 
solubility of 50, 


Remarks 

Notice that the curve is obtained by 
progressively diluting a solution. This is 
a better use of the reactant than making 
a range of samples each with the same 
amount of water but a different amount 
of reactant in. The curved shape of the 
graph shows that, although solubility does 
increase with temperature, it is nota 
linear (straight line) relationship, and in 
fact, solubility increases much faster than 
temperature. 




















A total of 20 cm? of 
water has been added, 


Nore: A considerable 
amount of solid 
crystallises if the solution 
in 15 emé of water is 
allowed to cool to near 
room temperature. 





© 


Solubility (g per 100 g of water) 



































® TABLE 
Solubility of potassium chlorate 
Solubility Temperature 
(g per 100 g of water) (PG) 
50 98 
33 80 
27 70 
25 66 
20 56 
18 50 
12 20, 
50 ® 
40 
30 
20 
10 
0 
20 40 60 80 100 


Temperature (°C) 
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Water as an oxidising agent 


S “ epee = Safety tube 
Water often acts as an oxidising agent. For example, peas 
water can oxidise white-hot carbon to carbon 
monoxide, whilst the water itself is reduced to 


hydrogen gas, as shown in this demonstration. Si eeee nee ae 
f § copper container (steam 


phe Ge a eye ° generator) and heated 
Demonstration: oxidising carbon with steam Lutes neater 
to produce water gas 


Carbon and water only react at high temperatures. 





passed to the furnace 
through rubber tubing, 












So, for this demonstration, water is used in the form 
of steam, and carbon has to be heated in a laboratory 
furnace until it is white-hot. 

Carbon, in the form of charcoal chunks, is placed 
in a heat-resistant silica tube inside the furnace (@) 


A supply of steam is provided by heating a metal 


Charcoal 
(carbon) is 7 
placed in the 


silica tube 







Bunsen burner heats 
steam generator. 





Furnace consisting of a silica tube heated by 
gas jets. Heat is conserved by surrounding 


the apparatus by a ceramic liner 
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The furnace 


container partly filled with water, using a Bunsen flame being heated 
(@). The steam generator and the silica tube are 
connected with flexible tubing. 

In the furnace, the steam oxidises the carbon to 
carbon monoxide and is, itself, reduced to hydrogen. 
The gases are collected in a gas jar over water. 

The reaction of steam and carbon is an example 
of a significantly ENDOTHERMIC reaction, that is, the 
reaction takes in heat, which is why heat energy in the 
form of a gas flame has to be applied continually (@). 

Water gas is formed — a one-to-one (by volume) 
mixture of hydrogen and carbon monoxide. 


Remarks 
Oxidation and reduction are complementary 
processes, so this demonstration can also be viewed 


as the reduction of steam using carbon. 





Water gas is collected 


The steam is passed EQUATION: Oxidation of white-hot carbon using steam = ni Near an 
ata charcoal in Water + carbon © carbon monoxide + hydrogen beehive shelf ina 
the furnace aA 

HO(g) + C(s)  CO(g) + Hag) ® | — water-filled 


{ pneumatic trough 

















Water as a reducing agent 


Whether a substance behaves as an oxidising agent or a 





reducing agent depends on the r 
reducing strength of the substance it is re 


ative oxidising or 





cting with. 
Chlorine, for example, is a very strong oxidising agent, 
and, in its presence, water behaves as a reducing agent, 
as this demonstration shows. 

Chlorine is very poisonous and so these 
demonstrations are done in a fume chamber. 


Demonstration: bleaching pH paper with chlorine 
Chlorine is a yellowish-green acidic gas which is a powerful 
oxidising agent and a bleach. 

In this demonstration, chlorine has been generated by 
reacting dilute hydrochloric acid with sodium chlorate (1), 

When damp green pH paper (Q@) is exposed to the 
chlorine gas, at first it turns red (@). The change in colour 
of the organic compounds that make up the indicator 





shows that the solution is acidic. However, the indicator is 
then quickly bleached (@). The bleaching occurs because 
the chlorine oxidi 





*s the water on the paper, liberating 
oxygen. It is actually the liberated oxygen which then 
oxidises the coloured organic compound, thus making it 
colourless. 


Remarks 
In the presence of sunlight, water may also reduce chlorine 
gas to hydrogen chloride, releasing oxygen gas (@). 


® 





Chlorine is prepared 
in a side-arm boiling 
tube, and the gas is 
allowed to pass out 
of the side arm, 





PH paper wetted 
with distilled water 





EQUATION: Reducing chlorine gas with water in sunlight 
Chlorine + water & hydrochloric acid + oxygen 
2Ch(g) + 2H,O(I) © 4HCl(aq) + Os(e) 


Ultraviolet light 
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it 


_ most common. If water supplies contain more than 120 milligrams 


: heating element of a coffee jug or electric kettle. 











Water hardness (i ine 
boiler clement, 


There are many compounds dissolved in water but, in water 
supplies, calcium and magnesium compounds are among the 


of these compounds in each litre of water, the water is described as 
‘hard’ water. 

~ In general, if water does not lather easily using soap, the water is 
hard. The source of most hardness in water is limestone, so if water 
supplies: are collected from limestone groundwater or if water is taken 
from rivers that flow over limestone rocks, then water supplies will be hard. 

One of the most important results of heating hard water is the 

production | of limescale. This is a combination of the precipitates of 
calcium and magnesium carbonates. Carbonates are readily precipitated 
when hard water is heated because the stability of the bicarbonates 
decreases with. temperature. This is why limescale is found on the 


Temporary and permanent hardness 

Water hardness can be either temporary or permanent. Water 
containing soluble calcium hydrogen carbonate (calcium 
bicarbonate) is temporarily hard because calcium hydrogen 
carbonates can be removed by boiling (the carbonate 
precipitates). Water is permanently hard if it contains calcium 
or magnesium salts other than the hydrogen carbonates, as 
these cannot be removed by boiling. It does not produce 
scale in kettles, but it does make it difficult to obtain a 

lather with soap. 


EQUATION: Precipitating limescale 
Calcium hydrogen carbonate “> carbon dioxide + water + calcium carbonate 
Ca(HCO,)2(aq) © COx(g) + HyO(I) + CaCO,(s) 


Precipirate 








WA 








Demonstration: determination of the ratio of 
permanent to temporary water hardness 

It is pos 
hardness in water, using the technique of TITRATION 





sible to estimate the degree of permanent 





anda soap solution. 

As this demonstration is quantitative, recordings 
are required at each stage. 

The apparatus consists of a conical flask and a 
burette. A measured amount of tap water (in this 
demonstration it was 20em") is placed in a conical flask 
(@). Soap solution (soap dissolved in distilled water) is 
k (Q). 

The flask is agitated constantly until the first signs 
ofa froth (lather) appear (@). At this point, the soap 
solution has counteracted the effect of both gemporary 





then added from a burette placed over the fli 


and permanent hardness. The volume of soap solution 
added is then recorded, 

The demonstration is repeated using identical 
quantities of the same supply of tap water which has 
been: 

(i) boiled (boiling the lap water removes temporary 

hardness) 

(ii) distilled (distilled water is the steam collected 

from boiling the tap water and contains neither 

temporary nor permanent hardness). 

Calculation 

The volume of soap solution needed to produce a 
lather in tap water = acm* 

The volume of soap solution needed to produce a 
lather in boiled tap water = 6 em* 


20 om? of water 
are added using a 
graduated pipette, 
Each titration uses 
the same volume, The 
first titration is done 
with tap water. Then 
a sample of the boiled 
tap water is used and 
finally distilled water, 
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Burette filled with soap 
solution (i.e. initial 
reading = 0.00 em’) 


Conical flask 































Once the first 
lather occurs, a 
second reading, is 
taken from the 
burette so that the 
amount of soap 
solution used can 
be calculated, 

















Soap solution is 
added. The tap 
water is turned 
cloudy but, at this 
stage, no lather 
can be seen on the 
surface. 

















The volume of soap solution needed to produce 
a lather in distilled water = ¢cm* 


The ratio of permanent to temporary hardness 





is: 
b-—c¢ = permanent hardness 
a—b = temporary hardness 
Remarks 


The amount of soap solution required to 
produce a froth on the distilled water is very 
small = in this demonstration, it was | em* of 
soap solution, whereas, with boiled tap water, 
the amount of soap solution used was 15 cm? 
and with ordinary tap water, 30 cm’, This gives 
a ratio of 1.07 which indicates hard water. 

These values are, of course, not fixed, but 
depend on the nature of the water supply and 
the concentration of the soap solution, but they 
give an indication of the differences to be 
expected, 

The method is of limited accuracy because 
ion about 





of the need to make a subjective de 
when the froth is, or is not, present. 

It is a mistake to titrate the distilled water 
sample first because a good ‘head’ of froth is easy 
to obtain that cannot then be matched by the tap 
water, whereas the scummy froth obtained in the 
tap water titration can always be matched in the 
distilled water titration. 














Air—water interaction 


Many chemical reactions in the environment involve 
the interaction of air and water, Heating a bowl of 

water and watching the bubbles appear, for example, 
shows that at least some of the gases in the air readily 


dissolve in water and can be liberated by heating. 


Gases also dissolve in water 
droplets in the ain, For example, 
carbon dioxide from the air 
Interacts with water droplets to 
produce carbonic acid, This is the 
acid (hat is primarily responsible 
for the sculpting of limestone 
landscapes worldwide 

Similarly, pollutant gases such 
as nitrogen dioxide and sulphur 
dioxide react with air and droplets 
near industrial areas and over cities 
to produce nitric and sulphuric 
acids and these fall as ACID RAIN, 


Demonstration |; the interaction 
of carbon dioxide and water 

In this demonstration, a continuous 
flow of carbon dioxide gas is 
required, This is prepared most 
easily by using Kipp's apparatus (@)) 
‘The delivery tube from the Kipp’s 


apparatus is (ken toa gas jar which 


contains tap water and a few drops of Universal 
Indicator, so that'we can readily see the changes taking 
place (@). 

At the start of the demonstration, the solution is 
green—blue because the tap water used is alkaline, but 








The carbon 
dioxide gas is 
led off through 
a delivery tube, 







Kipp" 


apparatus 








Hydrochloric acid 
is reacted with 









calcium carbonate 
chips to produce 
carbon dioxide gas. 
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as carbon dioxide bubbles through, the colour changes 


quickly to a strong green ((@)), then to a yellow-green EQUATION: Reaction of carbon dioxide and water 


(@), then a yellow (@), and finally pink (@)), Carbon dionide « water > carbonic acid 
CO g(g) + HOW) & PCO ya) 


indicating that it is a weak acid. 










Bubbles of 


carbon dioxide 

















Demonstration 2: oxygen dissolves in water 
(oxygenation of water) 
Although it is possible to see the gases dissolved in 
water being released prior to boiling, this does not 
indicate which gases are dissolved. This demonstration 
uses a reaction that is sensitive to oxygen and clearly 
visible to show that oxygen is one of the gases 
dissolved in the water. 

Concentrated ammonia solution is added to a 
test tube containing white copper(!) chloride using 
a pipette (@®). This produces a colourless solution 
of copper(I) ammine. However, in the presence of 
oxygen, copper(I) ammine is rapidly oxidised to 
copper(II) ammine which is a deep indigo-blue 
colour (@)). 


The way to see that this effect is produced by 





oxygen from the air is to leave the test tube containing 


the copper(I) ammine to stand. Within a few moments, 
a very deep blue layer begins to form on the surface in 
the part of the solution that can be reached by the air. 

The first signs of a colour change occur in the 
meniscus, where the liquid meets the air. In fact, by 
watching the changing colour of the liquid, it is 
possible to investigate the rate at which oxygen 
dissolves in still water. Over some minutes, air dissolves 
in the solution to about one and a half centimetres 
depth and thus the blue colour gradually extends into 
the solution. 

If the blue-coloured part of the liquid is pipetted 
off, so that all the solution is colourless again, the 


surface part of the solution rapidly changes to a blue 
colour as oxidation recurs at the MENISCUS (Q) & @). 

Finally, if the tube is shaken, oxygen can dissolve 
throughout the liquid and the contents of the tube 
turn completely blue (@). 









Deep indigo-blue 
copper(II) ammine 






Concentrated 
ammonia solution 


Colourless 
solution of 
copper(I) ammine 


Copper(!) 
chloride 
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The first oxidised layer 
is pipetted off and the 
exposed colourless 
copper(I) ammine is 
immediately oxidised 


to copper(II) ammine. 

















Corrosion of metals in air and water 


Most metals react with air and water. In the process, 
the metal is oxidised and CORRODED (see page 46). 
The most economically important form of corrosion 
is the rusting of iron, 

The water, and air dissolved in it, act as an 


electrolyte to tiny electrochemical reactions which 





occur on the irregular surface of the bare iron. 


Once oxidised, the iron is a much weaker material. 


Rust is an orange colour and flaky. 


Over about a 


Tron nail remains Water containing week, the iron 


uncorroded phenolphthalein indicator nail is corroded 





Magnesium strip is corroding 
within a few minutes. 


Tin strip remains 
uncorroded. 


Demonstration |: relative reactivity of metals 

in aerated water 

The apparatus consists of two small bottles filled with 
distilled water. One container has an iron nail with a 





small piece of magnesium wrapped around it (@); 





the other has a nail with a small piece of tin wrapped 
around it (@). A few drops of colourless 
phenolphthalein indicator are added to the water. 
Phenolphthalein turns pink where an electrochemical 
reaction occurs. 

The REACTIVITY of magnesium relative to iron and 
tin is demonstrated here. In the bottle on the left, a 
reaction takes place at the magnesium strip, causing ° 
the formation of magnesium hydroxide, an alkaline 
substance that makes the indicator turn purple. The 
iron nail is not corroded, because magnesium is more 
reactive than iron, 

By contrast, in the right-hand bottle the tin has 
not reacted and the iron nail has corroded (rusted). 
This is because iron is more reactive than tin. 
Remarks 
The greater reactivity of magnesium in aerated water 
compared with iron can be used, to advantage, to 
reduce the rate of corrosion of iron or steel used 
in construction or manufacturing. Notice that this 
demonstration also explains why, when a tin-plated 
container is scratched, it is not protected by the tin, 
but, in fact, the iron is subjected to greater corrosion 
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by the presence of the tin. This is one reason why 
tin plating is not as widely used now as in the past. 
Demonstration 2: determining the 
percentage of oxygen in the air by rusting 
This demonstration is a parallel to that shown 

on page 12. In this case, some iron filings are 
poured into the long, graduated tube, which is 
then almost filled with water and upturned into 

a gas jar nearly full of water (@)). 

As the tube is upturned, the iron filings are 
spread all the way down the tube (@), and they 
will rust and use up the oxygen inside the tube. 
Because they have a large surface area, rusting 
occurs quite quickly. 

As a result of rapid rusting (©) the 
demonstration works more rapidly, and it will 
come close to its final volume in 2 to 3 days, 
and reach its final volume in 2 to 3 weeks rather 
than the 2 to 3 months required for phosphorus. 

The rusting iron uses up about a fifth of 
the original volume of air in the graduated tube. 
This is the approximate proportion of oxygen in 
the air. 


Remarks 

Compare this demonstration with the phosphorus 
used in the demonstration on page 12, where the 
oxidising phosphorus was in a single lump, and 
where the phosphorus did not react with the 
water, In the case of iron, rusting will not occur 
in the absence of water. 








Graduated tube, dampened inside with 
water, half filled with air and iron 
filings distributed along its length. 





So 
am 
20 
§ 2g 
ig 
i=) 
[Xs] 








Rusted iron filings 


EQUATION: Overall reaction for the rusting of iron 

Iron + water + oxygen © iron(III) oxide + water 

4Fe(s) + H,O(/) + 303(g) © 2Fe,O3(s) + H2O(I) 
Rust 


Gas jar filled with water 














absolute zero: the lowest possible 
temperature (-273.15°C), 





absorption: the process by which 
substance is soaked up, Sr: 
adsorption. 








acid; a substance that ean give a 
proton to another substance, Acids 
are compounds, containing, 
hydrogen, that can attack and 
dissolve many substances, Acids are 
deseribed ax weak or strong, dilute 
or concentrated, mineral ot 
organic, Example: hydrochloric acid 
(HICH), An acie in water can reaet 
with a base to form a salt and water 








acidic solution; a solution with a 
pit lower than 7. 


acidity: a yeneral term for the 
strength of an acid in a solution 


acid radical; the negative ion lett 
behind when an acid loses a 
hydrogen ion, Example Cl in 
hydrochloric acid (HC) 





acid salt; An ACID SALT contains at 
least one hydrogen ion and can 
behave as an acid in chemical 
reactions, Acid salts are produced 
under conditions that do not allow 
complete neutralisation of the acid 
For example, sulphuric acid may 
react with a sodium compound to 
produce @ normal sodium salt, 
sodium sulphate (NajSO,), or it 
may retain some of the hydrogen, 
in which case it becomes the salt 
sodium hydrogen sulphate 
(NaHSO,). 














actinide series or actinide me 
a series of 15 similar radioactive 
elements between actinium and 
lawrencium, They are transition 
metals. 





activated charcoal: a form of 
carbon, made up of tiny erystals of 
graphite, which is made by heating 
organic matter in the absence of 

air. vis then processed further to 





Increase its pore space and 
therefore its surface area. Its 
surface area is about 2000 m*/g 
Activated charcoal readily adsorbs 
many gases and itis therefore 
widely used as a filter, for example, 
in gas masks, 





activation energy: (he energy 
required to make 
The greater the activation energy 
of a reaction, the me 
rate depends on temperature. The 
activation energy of a reaction is 
useful heeause, if the rate of 
reaction is known at one 
temperature (or example, 100 °C) 
then the activation energy can be 
used to calculate the rate of 
reaction at another temperature 
(for example, 400 °C) without 
actually doing the experiment 


reaction occur 





its reaction 





adsorption: the process by which 
a surface adsorbs a substance 
The substances involved are not 
chemically combined and can be 
separated. Example: the adsorption 
properties of activated charcoal 
Seerabsorption, 








alchemy: the traditional ‘art’ of 
working with chemicals that 
prevailed through the Middle Ages. 
One of the main challenges for 
alchemists was to make gold from 
lead. Alchemy faded awity as 
scientific chemistry was developed 
in the 17th century 


alcohol: ian organic compound 
which contains a hydroxyl (OH) 
group. Example: ethanol 
(CHyCH,OH), also known as 
ethyl alcohol or grain alcohol 


alkali /alkaline; a base in (aqueous) 
solution. Alkalis reaet with, or 
neutralise, hydrogen ions in acids 
and have a pH greater than 7.0 
hecause they contain relatively few 
hydrogen ions. Example: aqueous 
sodium hydroxide (NaOH), 








MASTER GLOSSARY 


alkaline cell (or battery): a dry cell 
in which the electrolyte contains 
sodium or potassium hydroxide. 





alkaline earth metal: a member of 
Group 2 of the Periodic Table. 
Example; calcium 


alkali metals: member of Group 1 
of the Periodic Table, Example: 
sodium. 


alkane: a hydrocarbon with no 
carbor-to-carbon multiple bonds. 
Example: ethane, CoH, 





alkene: a hydrocarbon with at least 
one carbon-tocarbon double bond, 
Example: ethene, CH 


alkyne: a hydrocarbon with at least 
‘one earbon-to-carbon triple bond. 








Example: ethyne, CH 
allotropes: alternative forms ofan 
element that differ in the way the 








atoms al 





linked, Example: white 
and red phosphorus, 


alloy: a mixture of metal and 
various other elements, Example: 
brass is an alloy of copper and zinc 





amalgam: a liquid alloy of mereury 
with another metal 








amorphous: a solid in which the 
atoms are not arranged regulirly 
(ie. glassy), Compare erystalli 








amphoteric; a metal that will react 
with both acids and alkalis, Example: 
aluminium metal 


anhydrous: lacking water; water has 
been removed, for example, by 
heating. Many hydrated salts are 
crystalline. (Opposite of anhydrous 
is hydrous or hydrated.) Example: 
copper(I) sulphate can be 
anhydrous (CuSO\) or hydrated 
(CuSO 51,0) 








anion: a negatively charged atom or 
group of atoms. Examples: chloride 
7), hydroxide ion (OH), 





anode: the electrode at which 

ation oceurs; the negative 
terminal of a battery or the positive 
electrode of an electrolysis cell. 





anodising: process that uses the 
effect of electrolysis to make a 
surface corrosion resistant. 
Example: anodised aluminium. 


antacid: « common name for any 
compound that reaets with stomach 
acid to neutralise it. Example 
n hydrogen carbonate, also 
known as sodium bicarbonate. 





antioxidant: a substance that reacts 
rapidly with radicals thereby 
preventing oxidation of some other 
substance, 








anti-bumping granules: small glass 
or ceramic beads, designed to 
promote boiling without the 
development of large gas bubbles. 


approximate relative atomic mass: 
See: relative atomic mat 





aqueous: a solution in which the 
solvent is water. Usually used as 
‘aqueous solution’. Example: 
aqueous solution of sodium 
hydroxide (NaOH(aq)). 





aromatic hydrocarbons: 
compounds of carbon that have 
the benzene ring as part of their 
structure, Examples: benzene 
(C,H), naphthalene (CiyHy). 
They are known as aromatic 
because of the strong pungent 
smell given off by benzene. 








atmospheric pressure: the pressure 
exerted by the gases in the air 
Units of measurement are 
kilopascals (kPa), atmospheres 
(atm), millimetres of mercury 
(mm Hg) and Torr. Standard 
atmospheric pressure is 100 kPa, 
Jatm, 760 mm Hg or 760 Torr, 














atom: the smallest particle of an 
element; a nucleus and its 
surrounding electrons, 


atomic mass; the mass of an atom 
measured in atomic mass units 
(amu). An atomic mass unit is 
equal to one-twelfth of the atom 
of carbon-12, Atomic mass is now 
more generally used instead of 
atomic weight. Example: the atomic 
mass of chlorine is about 35 amu, 
See: atomic weight, relative atomic 
mass. 


atomic number: also known as 
proton number, The number of 
electrons or the number of protons 
in an atom. Example: the atomic 
number of gold is 79 and for 
carbon itis 4, 





atomic structure: the nucleus and 
the arrangement of electrons 
around the nucleus of an atom. 


atomic weight; a common term 
used to mean the average molar 
mass of an element. This is the 
mass per mole of atoms. Example: 
the atomic weight of chlorine is 
about 35 g/mol. See: atomic mass, 
mole. 





base: a substance that can accept 
a proton from another substance, 
Example: aqueous ammonia 
(NH,(ag)). A base can react with 
an acid in water to form a saltand 
water. 





basic salt: a salt that contains at 
least one hydroxide ion, The 
hydroxide ion can then behave 
as.a ase in chemical reactions, 
Example: the reaction of 
hydrochloric acid (HCI) with 
the base, aluminium hydroxide 
(AI(OH),) can form two basic 
salts, A(OH),Cl and Al(OH) Gly, 


battery: a number of 
electrochemical cells placed in 
series, 


bauxite: a hydrated impure oxide 
of aluminium (Al,Oj*xH.O, with 
the amount of water x being 
variable). Ivis the main ore used to 
obtain aluminium metal. The 
reddish-brown colour of bauxite is 
mainly caused by the iron oxide 
impurities it contains, 


beehive shelf: an invertedt 
earthenware bowl with a hole in 
the upper surface and a slot in the 
rim, Traditionally, the earthenware 
was brown and looked similar to a 
beehive, hence its name. A delivery 
tube passes through the slot anda 
gas jar is placed over the hole, This 
provides a convenient way to collect 
gas over water in a pneumatic 
trough, 





bell jar; a tall glass jar with an open 
bottom and a wide, stoppered neck 
that is used in conjunction with a 
beehive shelf and a pneumatic 
tough in some experiments 
involving gases. The name derives 
from historic versions of the 
apparatus, which resembled a bell 
in shape, 


blast furnace: a tall {wynace 
charged with a mixture of iron ore, 
coke and limestone and used for 
the refining of iron metal. The 
name comes from the strong blast 
of air introduced during smelting. 


bleach: a substance that removes 
colour in stains on materials, either 
by oxidising or reducing the 
staining compound, Example: 
sulphur dioxide (SO.). 


block: one of the main divisions of 
the Periodic Table. Blocks are 
named for the outermost, occupied 
¢lectron shell of an element. 
Example: The Transition Merals all 
belong to the d-block. 





boiling point: the temperature at 
which a liquid boils, changing from 
aliquid to a gas, Boiling points 
change with atmospheric pressure. 
Example: The boiling point of pure 
Water at standard atmospheric 
pressure is 100°C, 


boiling tube: A thin glass tbe 
closed at one end and used for 
chemical tests, etc. The 
composition and thickness of the 
glass is such that it cannot sustain 
yery high temperatures and is 
intended for heating liquids 10 
boiling point. See: side-arm boiling 
tube, test tube, 


bond: chemical bonding is either a 
transfer or sharing of electrons by 
two or more atoms. There are a 
number of types of chemical bond, 
some yery strong (such as covalent 
and ionic bonds), others weak 
(such as hydrogen bonds). 
Chemical bonds form because the 
linked molecule is more stable than 
the unlinked atoms from which it 
formed. Example: the hydrogen 
molecule (Hy) is more stable than 
single atoms of hydrogen, which is 
why hydrogen gas is always found as 
molecules of two hydrogen ato 


Boyle’s Law: At constant 
temperature, and for a given mass 
of gas, the volume of the gas (V) 1s 
inversely proportional to pressure 
that builds up (P): P=» L/V. 











brine: a solution of salt (sodium 
chloride, NaCl) in water. 


Biichner flask: a thick-walled side- 
arm flask designed to withstand the 
changes in pressure that occur 
when the flask is connected toa 
suction pump. 





Baichner funnel: a special design of 
plastic or ceramic funnel which has 
a flat stage on which a filter paper 
can be placed, It is intended for use 
under suction with a Bachner 
funnel. 








buffer (solution): a mixture of 
substances in solution that resists a 
change in the acidity or alkalinity 
of the solution when small amounts 
of an acid or alkali are added. 


burette: a long, graduated glass 
tube with a tap at one end, A 
burette is used vertically, with the 
tap lowermost. Its main use is as a 
reservoir for a chemical during 
titration. 





burn: a combustion reaction in 
which a flame is produced. A flame 
‘occurs where gases combust and 
release heat and light. AC least two 
gases are therefore required if 
there is to be a flame. Example: 
methane gas (CH,) burns in 
oxygen gas (Q.) to produce carbon 
dioxide (CO,) and water (HO) 
and give out heat and light. 








calorimeter: an insulated container 
designed to prevent heat gain or 
loss with the environment and thus 
allow changes of temperature 
within reacting chemicals to be 
measured accurately. It is named 
after the old unit of heat, the 
calorie. 


capillary: a very small diameter 
(glass) tube. Capillary tubing has a 
small enough diameter to allow 
surface tension effects to rewin 
water within the tube, 


capillary action: the tendency for a 
liquid to be sucked into small 
spaces, such as between objects and 
through narrow-pore tubes, The 
force to do this comes from surface 
tension. 


carbohydrate: a compound 
containing only carbon, hydrogen 
and oxygen. Carbohydrates have 
the formula C,(H,O),, where n is 
variable. Example: glucose 

(GH ,0,)- 











carbonate: a salt of carbonic acid. 
Carbonate ions have the chemical 
formula CO. Examples: calcium 
nitrate CaCO, and sodium 
carbonate NagGOs, 


catalyst: a substance that speeds up. 
a chemical reaction, but itself 
remains unaltered at the end of the 
reaction. Example: copper in the 
reaction of hydrochloric acid with 
zine. 





catalytic converter: a device 
incorporated into some exhaust 
systems. The catalytic converter 
contains a framework and/or 
granules with a very large surface 
area and coated with catalysts that 


convert the pollutant gases passing 
over them into harmless products 


cathode: the electrode at which 
reduction occurs; the positive 
terminal of a battery or the 
negative electrode of an electrolysis 
cell. 





cathodic protection: the technique 
of protecting a metal object by 
connecting it toa more readily 
oxidisable metal. The metal object 
being protected is made into the 
cathode of a cell. Example: iron can 
be protected by coupling it with 
magnesium. Iron forms the 
cathode and magnesium the 
anode 


cation: a positively charged ion. 
Examples: calcium ion (Ca°"), 
ammonium ion (NH,°). 





caustic: a substance that can cause 
burns if it touches the skin 
Example: Sodium hydroxide, caustic 
(NaOH), 


Celsius seale (°C): a temperature 
seale on which the freezing point of 
water is at 0: degrees and the 
normal boiling point at standard 
atnospheric pressure ix 

100 degrees. 








cell: a vessel containing two 
odes and an electrolyte that 
can act as an electrical conductor 








centrifuge: an instrument for 
spinning small samples very rapidly, 
The fast spin causes the 
components of a mixture that have 
a different density to separate. This 
has the same effect as filtration. 


ceramic: a material based on clay 
minerals which has been heated so 
that it has chemically hardened. 


chaleogens: the members of Group 
6 of the Periodic Table: oxygen, 
sulphur, selenium and tellurium. 
The word comes from the Greek 
meaning “brass giver’, because all 
these elements are found in copper 
ores, ant copper is the most 
important metal in making brass. 


change of state: a change between 
two of the three states of matte 
solid, liquid and gas. Example: when 
water evaporates it changes from at 
liquid to a gaseous state. 





Charles's Law; The volume (V) of a 
given mass of gas at constant 
pressure is directly proportional to 
its absolute temperature ( 
Vet 





chromatography: A separation 
technique uses the ability of 
surfaces to adsorb substances with 
different strengths, The substances 
with the least adherence to the 
surface move faster and leave 
behind those that adhere more 
strongly 


coagulation; a term describing the 
tendency of small particles to stick 
together in chumps 


coherent: meaning that a substance 
holds together or sticks together 
well, and without holes or other 
detects, Example: Aluminium 
appears unreactive because, as soon 
as new metal is exposed to air, it 
forms a very complete oxide 
coating, which then stops further 
reaction occurring, 


coinage metals: the elements 
copper, silver and gold, used to 
make coins 





coke: t solid substance lett after 
the gases have been extracted 
from coat 


colloid: a mixture of 
ultramicroscopic particles 
dispersed uniformly through a 
second substance to form a 
suspension which may be almost 
like a solution or may set to a jelly 
(gel). The word comes from the 
Greek for glue. 





colorimeter: an instrument for 
measuring the light-tbsorbing 
power of a substance. The 
absorption gives an accurate 
indication of the concentration 
of some coloured solutions, 








combustion; a reaction in which an 
clement or compound is oxidised, 
to release energy, Some 
combustion reactions are slow, such 
as the combustion of the sugar we 
eat to provide our energy, If the 
combustion results in a flame, it is 
called burning, A flame occurs 
where gases combust and release 
heat and light. Atleast two gases 
are therefore required if there is 

to be a flame. Example: the 
combustion or burning of methane 
yas (CH) in oxygen gas (O2) 
produces carbon dioxide (CO.) 
and water (HO) and gives out h 
and light, Some combustion 
reactions produce light and hi 
but do not produce flames, 
Example: the combustion of carbon 
in oxygen produces an intense 
red-white light but no fame. 











combustion spoon: also known as it 
deflagrating spoon, it consists of a 
Jong metal handle with a small eup, 
at the end, Its purpose is to-allow 
the safe inoduction of a (usually 
heated) substance into a gas jar 
filled with gas, when the reaction is 
likely to be vigorous, Example: the 
Introduction of a heated sodium 
pellet into a gas jar containing 
chlorine, 





compound: a chemical consisting 
of two or more elements chemically 
bonded together, Example: Calcium. 
atoms ¢an combine with carbon 
atoms and oxygen atoms to make 
calclum carbonate (CaCO,), a 
compound of all three atoms, 














condensation; the formation of a 
liquid from a gas. This isa change 
of state, also called a phase change 


condensation nuclei: microscopic 
particles of dust, salt and other 
materials suspended in the air, that 
attract water molecules. The usual 
result is the formation of water 
droplets, 





condensation polymer: a polymer 
formed by a chain of reactions in 
which a water molecule is 
climinated as every link of the 





polymer is formed. Examples 
polyesters, proteins, nylon. 





conduction: (i) the exchange of 
heat (heat conduction) by contact 
with another object, or (ii) allowing 
the flow of electrons (electrical 
conduction) 


conductivity: the ability of a 
substance to conduct. The 
conductivity of a solution depends 
on there being suitable free ions in 
the solution. A conducting solution 
is called an electrolyte. Example 
dilute sulphuric acid, 





ion: the exchange of heat 
energy with the surroundings 
produced by the flow of a fluid due 
to being heated or cooled 





corrosion: the oxidation of a metal 
Corrosion is often regarded as 
unwanted and is more generally 
ved to refer to the slow decay of a 
metal resulting from contact with 
gases and liquids in the 
environment, Exampile: Rust is the 
corrosion of iron 














corrosive: causing corrosion 
Example: Sodium hydroxide 
(NaOH). 





covalent bond: this is the most 
common form of strong chemical 
bonding and occurs when Iwo 
atoms share electrons. Example 
oxygen (O2) 





cracking: breaking down complex 
molecules into simpler 
compounds, as in oil refining. 








crucible: a small bow! with a lip, 
made of heatresistant white glazed 
ceramic. It is used for heating 
substances using a Bunsen flame. 





crude oil: a chemical mixture of 
petroleum liquids. Crude oil forms 
the raw material for an oil refinery. 





crystal: a substance that has grown 
freely so that it ean develop 
external faces, Compare crystalline, 
where the atoms are not free to 
form individual crystals and 
amorphous, where the atoms are 
arranged irregularly. 





crystalline: a solid in which the 
atoms, ions or molecules are 
organised into an orderly pattern 
without distinct crystal faces. 
Examples: copper(I) sulphate, 
sodium chloride. Compare 
amorphous. 








crystallisation: the process in which 
a solute comes out of solution 
slowly and forms crystals. See: water 
of crystallisation. 


erystal systems: seven patterns or 
systems into which all crystals can 
be grouped: cubic, hexagonal, 
rhombohedral, tetragonal, 
orthorhombic, monoclini¢ and 
triclinic 


cubic crystal system: groupings 
of crystals that look like cubes, 


current: an clectric current is 
produced by a flow of cleetrons 
through a conducting solid or ions 
through a conducting liquid, The 
vate of supply of this charge is 
measured in amperes (A). 








decay (radioactive decay): the way 
that a radioactive element changes 
into another cleme due to loss of 
mass through radiation, Example: 
uranium 238 decays with the loss 
of an alpha particle to form 
thorium 234 














decomposition: the break down of 
a substance (for example, by heat 
ov with the aid of a catalyst) into 
simpler components. In such a 
chemical reaction only one 
substance is involved. Example: 
hydrogen peroxide (HsO,(aq)) 
into oxygen (O2(g)) and water 
(H,O(D) 


decrepitation: when, as part of the 
decomposition of a substance, 
cracking sounds are also produced. 
‘ample: heating of lead nitrate 
(Pb(NOs)») 





dehydration: the removal of water 
from a substance by heating it, 
placing it ina dry atmosphere or 
using a drying (dehydrating) 
Yeagent such as concentrated 
sulphuric acid. 


density: the mass per unit volume 
(eg. g/cc), 


desalinisation: the removal of all 
the salts from sea water, by reverse 
‘osmosis or heating the water and 
collecting the distillate. It is a very 
energy-intensive process. 





desiccant: a substance that absorbs 
water vapour from the air. Example: 
silica gel 





desiccator: a glass howl and lid 
containing a shelf. The apparatus is 
designed to store materials in dry 
air. A desiccant is placed below the 
shelf and the substance to be dried 
is placed on the shelf, The lid 
makes a gas-tight joint with the 
bowl. 








destructive distillation: the heating, 
‘of a material so that it decomposes 
entirely to release all of its volatile 
components, Destructive 
distillation is also known as 
pyrolysi 











detergent’ a chemical based on 
petroleum that removes dirt, 


Devarda’s alloy: zinc with a trace 
of copper, which acts as a catalyst 
for reactions with the zinc, 


diaphragm: a semipermeable 
membrane ~ a kind of ultrafine 
mesh filter ~ that allows only small 
ions to pass through, [Lis used in 
the electrolysis of brine. 











diffusion; the slow mixing of one 
substance with another until the 
two substances are evenly mixed, 
Mixing occurs because of 
differences in concentration within 
the mixture. Diffusion works 
rapidly with gases, very slowly with 
liquids. 


diffusion combustion: the form of 
combustion that oceurs when two 
gases only begin to mix during 
ignition, Asa result the flame is 
hollow and yellow in colour. 
Example: « candle flame. 





dilute acid: an acid whose 
concentration has been reduced in 
a large proportion of water. 


disinfectant: chemical that kills 
bacteria and other microorganisms, 


displacement reaction: a reaction 
that occurs because metals differ in 
their reactivity, Ifa more reactive 
metal is placed in a solution of a 
Jess reactive metal compound, i 
reaction occurs in which the more 
reactive metal displaces the metal 
ions in the solution. Example; when 
vine metal iy introduced into a 
solution of copper (il) sulphate 
(which thus contains copper ions), 
zine goes into solution as zine ions, 
while copper is displaced from the 
solution and forced to precipitate 
as metallic copper, 








dissociate: 10 break bonds apart, In 
the case of acids, it means to break 
up, forming hydrogen ions, This is 
an example of ionisation, Suong 
acids dissociate completely, Weak 
acids are not completely ionised, 
and a solution of a weak acid has a 
relatively low concentration of 
hydrogen ions. 











dissolve: to break down a substance 


in a solution without causing a 
reaction, 











distillation: the process of 
separating mixtures by condensing 
the vapours through cooling, 


distilled water; distilled water is 
nearly pure water and is produced, 
by distillation of tap water Distilled 
water is used in the laboratory in 
preference to tap water because the 
distillation process removes many 
of the impurities in tap water Uhat 
may influence the chemical 
reactions for which the water is 
used. 














Dreschel bottle: a tall bottle with 

a special stopper, designed (o allow 
4 guts to pass through at liquid. Th 
stopper contains both inlet and 
outlet tubes. One tube extends 
below the surface of the quid so. 
that the gas has to pass through the 
liquid before it can eseape to the 
outlet tube, 


dropper funnel: special funnel 
with a tap to allow the controlled 




















release ofa liquid. Also known as 
a dropping funnel or tap funnel, 


drying agent; Sie: dehydrating 
agent. 


dye: a coloured substance that will 
stick o another substance so that 
both appear coloured. 


effervesce: 1 give off bubbles of 
its. 


effloresce: to lose water and turn to 
a fine powder on exposure to the 
air. Example: Sodium carbonate on 
the tim ofa reagent bottle stopper. 


electrical conductivity: Sev: 
conductivity 


electrical potential: the energy 
produced by an electrochemical 
Cell and measured by the voltage or 
electromotive force (emf), Se 
potential difference, electromotive 
force. 








electrochemical cell: a cell 
consisting of ovo electrodes and an 
electrolyte, Lean be set up 10 
generate an electric current 
(usually known as a galvanic cell, 
an example of which isa battery), 
or an electric current can be passed 
through it 6 produce a chemical 
reaction (in which ease it is called 
an electrolytic cell and ean be used 
to refine metals or for 
electroplating). 








electrochemical series: the 
arrangement of substances that are 
either oxidising or reducing agents 
in order of strength as a reagent, 
for example, with the strong 
oxidising agents at the top of the 
list and the strong reducing agents 
atthe bottom, 


electrode: a conductor that forms 
one terminal of a cell, 


electrolysis: an clectrical-chemical 
process that uses an electric 
current to cause the break-up of a 
compound and the movement of 
metal ions ina solution, The 
process happens in many natural 
situations (its for example in 
rusting) and is.also commonly used 








in industry for purifying (refining) 
metals or for plating metal objects 
with a fine, even metal coating. 








electrolyte; an ionic solution th 
conducts electricity. 


electrolytic cell: See 
electrochemical cell, 


electromotive force (emf): the 
force set up in an electric cireuit 
by a potential difference. 


electron: a tiny, negatively charged 
particle that is part of an atom. 
‘The flow of electrons through a 
solid material such as a wire 
produces an electric current 








electron configuration: the pattern 
in which electrons are arranged in, 
shells around the nucleus of an 
atom, Example: chlorine has the 
configuration 2, 8, 7. 


electroplating: depositing a thin 
layer of a metal on to the surface 
of another substance using 
electrolysis. 


clement; a substance that ¢ 
be decomposed into simpler 
substance by chemical means. 
Examples: calcium, iron, gold. 





ANOL 





emulsion: tiny droplets of one 
substance dispersed in another 
One common oil in water emulsion 
is called milk. Because the tiny 
droplets tend to come together, 
another stabilising substance is 
often needed, Soaps and 
detergents are such agents, 
wrapping the particles of gi 
and oil in a stable coat, 
Photographic film is an example 
of a solid emulsion. 














endothermic reaction: reaction 
that takes in heat, Example: whe 

ammonium chloride is dissolved 
in water 


end point: the stage in a titration 
when the reaction between the 
titrant (added from a burette) 
and the titrate (in the flask) is 
complete. The end point is 
normally recognised by use of 
indicator which has been added to 





the titrate. In an acid-base reaction 
this is also called the neutralisation 





enzyme: biological catalysts in the 
form of proteins in the body that 
speed up chemical reactions. Every 
living cell contains hundreds of 
enzymes that help the processes of 





life continue. 


ester; organic compounds formed 
by the reaction of an aleohol with 
an acid and which often have a 
fruity taste. Example: ethyl acetate 
(CH\COOCH,) 














evaporation: the change of state 
ofa liquid to a gas. Evaporation 
happens below the boiling point 
and is used as. a method of 
separating the materials in a 
solu 








excess, to: if a reactant has been 
added to another reactant in 
excess, it has exceeded the amount 


required to complete the reaction 











exothermic reaction: a reaction 
that gives out substantial amounts 
of heat. Example: sucrose and 


concentrated sulphuric acid. 





explosive: a substance which, when 
a shock is applied to it, decomposes 
yery rapidly, releasing a very large 
amount of heat and creating a 
large volume of gases asa shock 

we 











fats: semisolid, energy-rich 
compounds derived {rom plants 
nals, made of carbon, hydro} 
and oxygen. These are examples of 
esters 






ferment; to break down a substance 
by microorganistns in the absence 
of oxygen. Example: fermentation 
of sugar to ethanol during the 
production of alcoholic drinks, 











filtrate: the liquid that has passed 
through a filter. 





filtration; the separation of a liquid 
from a solid using a membrane 
with small holes (i.e-a filter paper). 


flame: a mixture of gases 
undergoing burning. A solid or 
liquid must produce a gas before 
it can react with oxygen and burn 
with a flame. 





flammable (also inflammable): 
able to burn (inn air). Opposite: 
non-flammable. 


flocculation: the grouping together 
of small particles in a suspension to 
form particles large enough to 
settle out as a precipitate, 
Flocculation is usually caused by 
the presence of a floceulating 
agent, Example; calcium ions are 
the flocculating agent for 
suspended elay particles, 











Auid: able to flow; either a liquid 
ora gas. 


fluorescent: a substance that gives 
out visible fight when struck by 
invisible waves, such as ultraviolet 
rays 


flux: a material used to make it 
casier for a liquid to flow, A flux 
dissolves metal oxides and so. 
prevents a metal from oxidising 
while being heated 





foam: a substance that is 
sufficiently gelatinous to be able to 
contain bubbles of gas, The gas 
bulks up the substance, making it 
behave as though it were semirigid 


fossil fuels; hydrocarbon 
compounds that have been formed 
from buried plantand animal 
remains. High pressures and 
temperatures lasting over millions 
cof years are required. Examples: The 
fossil fuels are coal, oil and natural 


gas, 


fraction: a group of similar 
components of a mixture. Example: 
the petroleum industry the light 
fractions of erude oil are those with 
the smallest molecules, while the 
medium and heavy fractions have 
larger molecules. 














fractional distillation: the 
separation of the components of a 
liquid mixture by heating them to 
their boiling points 





fractionating column: a glass 
column designed to allow different 
fractions to be separated when they 
boil. In industry, 1t may be called a 
fractionating tower 





free radical: a very reactive atom 
or group with a ‘spare’ electron 
Example: methyl, CHy® 


freezing point the temperature 
at which a substance undergoes a 
phase change from a liquid to a 
solid. Iris the same temperature 
as the melting point 








fuel: concentrated form of 
chemical energy, The main sources 
of fuels (¢alled fossil fuels be: 
they were formed by geological 
processes) are coal, crude oil and 
natural gas 











fuel rods: the rods of uranium or 
other radioactive material used as 
a fuel in nuclear power stations. 





fume chamber or fume cupboard 
a special laboratory chamber fitted 
with a protective glass shield and 
containing a powerful extraction 
fan to remove toxic fumes. 








ming: an unstable liquid that 
gives off a gas. Very concentrated 
acid solutions are often fuming 
solutions. Example: Cuming nitric 
acid. 


galvanising: applying a thin zinc 
coating to protect another metal. 





gamma rays: waves of radiation 
produced as the nucleus ofa 
radioactive element rearranges 
itself into a tighter cluster of 
protons and neutrons, Gamma 
rays carry enough energy to 
damage living cells. 








gangue; the unwanted material in 
an ore 


gas/gaseous phase: a form of 
matier in which the molecules 
form no definite shape and are free 
to move about to uniformly fill any 
vessel they are putin. A gas can 
easily be compressed into a much 
smaller volume. 








gas syringe: a glass syringe with a 
graduated cylinder designed to 
collect and measure small amounts 
of gases produced during an 
experiment 





gelatinous precipitate; a precipitate 
that has a jelly-like appearance. 
Examplisivon. (nit) hydroxide. 
Because a gelatinous precipitate 

is mostly water, itis of a similar 
density to water and will float or 

lie suspended in the liquid, 

See: gramular precipitate. 





glass: a transparent silicate without 
any crystal growth, It has a gkassy 
lustre and breaks with a curved 
fracture, Note that some minerals 
have all these features and are 
therefore natural glasses 
Household glass isa synthetic 
silicate 








glucose: the most common of the 
natural sugars (CiF\Oy), [oceurs 
s the polymer known as cellulose, 
the fibre in plants, Stareh is also a 

form of glucose. 





granular precipitate: a precipitate 
that has at grainlike appearance 
Example: lead (It) hydroxide, See: 
gelatinous precipitate 


gravimetric analysis: a quantitative 
form of analysis in which the mass 
(weight) of the reactants and 
products is measured, 





group: a vertical column in the 
Periodic Table, There are eight 
groups in the table, Their numbers 
correspond to the number of 
electrons in the outer shell of the 
atoms in the group. Example: Group 
member, sodium, 











Greenhouse Effect: an increase in 
the global air temperature as a 
result of heat released from 
burning fossil fuels being absorbed 
by carbon dioxide in the 
atmosphere, 


Greenhouse gas: any of various the 
gases that contribute to the 
Greenhouse Effect. Example: 
carbon dioxide, 


half-life: the time it takes for the 
radiation coming from a sample 
of a radioactive element to 
decrease by half 


halide: a salt of one of the 
halogens. 


halogen: one of a group of 
elements including chlorine, 
bromine, iodine and fluorine in 
Group 7 of the Periodic Table 


heat: the energy that is transferred 
when a substance is at a different 
temperature to that of its 
surroundings. See: endothermic 
and exothermic reactions 








heat capacity: the ratio of the heat 
supplied to 

with the rise in temperature that is 
produced. 





substance, compared 


heat of combustion: the amount 
of heat given off by a mole of a 
substance during combustion. This 
heat is a property of the substance 
and is the same no matter what 
kind of combustion is involved. 
Example: heat of combustion of 
carbon is 94.05 keal (4.18 

393.1 k]) 





hydrate: 4 solid compound in 
crystalline form that contains water 
molecules, Hydrates commonly 
form when a solution of a soluble 
salt is evaporated, The water that 
forms part ofa hydrate erystal is 
known as the ‘water of 
crystallisation’. It can usually be 
moved by heating, leaving an 
anhydrous salt, 








hydration; the process of 
absorption of water by a substance 
In some cases hydration makes the 
substance change colour: in many 
other cases there is no colour 
change, simply a change in volume. 
Example: dark blue hydrated 
copper(I) sulphate (CuSO,*5HyO) 
can be heated to produce white 
anhydrous copper(tt) sulphate 
(Cuso,). 











hydride: a compound conta 
just hydrogen and another 
element, most often a metal. 


ning 








Examples: wa 
(CH,) and phosphine (PHs) 


hydrous: hydrated with water: See: 
anhydrous 





hydrocarbon: a compound in which 
nly hydrogen and carbon toms 

© present. Most fuels are 
hydrocarbons, as is the simple 
plastic, polyethene, Example: 
methane CH, 





hydrogen bond: a type of attractive 
force that holds one molecule to 
another. It is one of the weaker 
forms of intermolecular attractive 
force. Example: bydrogen bonds 
occur in water 











ignition temperature: the 
temperature at which a substance 
begins to bu 





immiscible: will not mix with 
another substance. e.g, oil and 
water 


candescent: glowing or shining 
with heat, Example: tungsten 
filament in an incandescent light 
bulb. 


incomplete combustion: 
combustion in which only some of 
the reactant or reactants combust, 
or the products are not these that 
would be obtained ifall the 
reactions went to completion. [tix 
une n for combustion to be 
complete and incomplete 
Combustion is more frequent 
Example: incomplete combustion of 
carbon in oxygen produces carbon 
monoxide and not carbon dioxide. 




















indicator (acid-base indicator): a 
substance or mixture of substances 
used to test the acidity or alkalinity 
of a substance. An indicator 
changes colour depending on the 
acidity of the solution being tested. 
Many indicators are complicated 
organic substances. Some 
indicators used in the laboratory 
include Universal Indicator, litmus, 
phenolphthalein, methyl orange 
and bromothymol, See: Universal 
Indicator, 








induction period: the time taken 
for a reaction to reach ignition 
temperature, During this period, 
no apparent reaction occurs, then 
the materials appear to undergo 
spontaneous combustion, 








inert unreactive. 





itor: a substance that prevents 
reaction from occurring 


inorganic substance: a substance 
that does not contain carbon and, 
hydrogen, Lyamples: NaCl, CaCOy. 








woluble: a substance that will not 
dissolve 





ion; an atom, oF group of atoms, 
that has gained or lost one or more 
electrons and so developed an 
electrical charge. Ions behave 
differently from electrically neutral 
atoms and molecules, ‘They can 
move in an electric field, and they 
can also bind strongly (0 solvent 
molecules such as water, Positively 
charged ions are called cations; 
negatively charged ions are called 
anions, ons can carry an electrical 
current through solutions, 











ionic bond: the form of bonding 
that oceurs between two ions when 
the ions have opposite charges. 
Example: sodium cations bond with 
chloride anions to form common: 
salt (NaCl) when a salty solution is 
evaporated, Ionic bonds are song 
bonds except in the presence of 
solvent, See: bond, 





ionic compound: a compound that 
consists of ions. Example: NACL 





ionise: to break up neutral 
molecules into oppositely charged 
ions oF fo convert atoms into ions, 
by the loss of electrons, 





ionisation: a process that creates 
ions. 





isotope: an atom that has the same 
number of protons in its nucens, 
but which has a different mass. 
Example; carbon 12 and carbon M4 





Kipp’s apparatus: a piece of 
glassware consisting of three 


chambers, designed to provide 
a continuous and regulated 
production of gay by bringing 
the reactants into contael ina 
controlled way, 


lanthanide series or lanthanide 
metals, a series of 1D shnilar 
metallic elements between 
Jaothanin and hited, They 
are transition metals and also alse: 
called rare earthy, 








Jatent heat) the aniountol hear that 
iy absorbed or released during the 
process of changing site between 
liquid or solid, For example, 
heat is absorbed when @ substiante: 
inelts and itis veleaed again when 
the substance solidifies 





lattice: a regular arrangement of 
atoms, doris OF nyolecules Ina 
erystalline solid 





Joaching) the extraction of a 
substance by percolating a solvent 
Uhrough w material. Avample: when 
water Hows through nore, song 
of the heavy metals in it may be 
Jeached out causing envivonmental 
pollution, 





Liebig condenser: a piece of 
glassware consisting of a sloping 
watencooled tube, The design 
allows a volatile material to he 
condensed and collected, 


Hiquefaetion: (o make something 
liquid 


iquid liquid phase: a torn of 
mation that hay a fixed yolume but 
no fixed shape, 


lime (quickline): caleiun oxide 
(CaO), A white, caustic solid, 
manufactured by heating limestone 
and used fay making mortar, 
fertiliser or bleach, 


fimewater: an aqueous solution of 
calcium hydroxide, used expecially 
to deteet the presence of arbor 
dioxide, 


fitmus; an indicator obtained front 
lichens, Used aya solution or 
impregnated inte paper (iwus 
paper), whieh is dampened betore 


use. Litnus turns red under acid 
conditions and purple in alkaline 
conditions, Litmus is a crude 
indicator when compared with 
Universal Indicator 





load (clectronies): an impedance 
or circuit that receives or develops 
the output of a cell or other power 
supply. 


lustre: the shininess of a substance: 





malleable: able to be pressed or 
hammered into shape. 


manometer: a device for measuring 
gas pressure. A simple manometer 
is made by partly filling a U-shaped 
rubber tube with water and 
connecting one end to the source 
Of gus whose pressure is to be 
measured, The pressure is always 
relative to atmospheric pressure, 


mass; the amount of matter in an 
object, In everyday use the word 
weight is often used (somewhat 
incorrectly) fo Mean mass, 





matter: anything that has mass and 
takes up space. 





melting point: the temperature at 
which a substance changes stare 
from a solid phase to a liquid 
phase, [is the same as freezing 
point. 


membrane: a thin, flexible sheet 
Asemipermeable membrane has 
microscopic holes of a size that will 
selectively allow some ions and 
molecules to pass through but hold 
others back, It thus acts asa kind of 
filter, Example: a membrane used 
for osmosis, 





meniscus: the curved surface of a 
liquid that forms in a small bore 
‘or capillary tube, The meniscus 
is convex (bulges upwards) for 
mercury and is concave (sags 
downwards) for water. 


metal: a class of elements that is a 
good conductor of electricity and 
heat. has a metallic lustre, is 
malleable and ductile, forms. 
cations and has oxides that are 
bases, Metals are formed as cations 





held together by a sea of electrons. 
A metal inay also be an alloy of 
these elements. Fxample: sodium, 
calcium, gold, See: alloy, metalloid, 
non-metal. 


metallic bonding: cations reside in 
‘sea’ of mobile electrons. Itallows 
metals to be good conductors and 
means that they are not brittle, See 
bonding. 


‘metallic lustre: See: lustre. 


metalloid: class of elements 
intermediate in properties between 
metals and non-metals. Metalloids 
are also called semi-metals or 
semiconductors. Example: silicon, 
germanium, antimony. See: metal, 
non-metal, semiconductor. 





micronutrient: an clement that the 
body requires in small amounts, 
Another term is trace element 


mineral: « solid substance made of 
just one element or compound, 
Example; calcite is a mineral 
because it consists only of calcium 
carbonate; halite is a mineral 
because it contains only sodium 
chloride, 








mineral acid: an acid that does not 
contain carbon and which attacks 
minerals, Hydrochloric, sulphuric 
and nitric acids are the main 
mineral acids. 


miscible: capable of being mixed. 


mixing combustion: the form of 
combustion that occurs when two 
gases thoroughly mix before they 
ignite and so produce almost 
complete combustion. Example: 
when a Bunsen flame is blue, 





mixture: a material that can be 
separated into two or more 
substances using physical means. 
Example: a mixture of copper (It) 
sulphate and cadmium sulphide 
can be separated by filtration. 


molar mass: the mass per mole of 
atoms ofan element. It has the 
same yalue and uses the same units 
as atomic weight. Example: molar 
mass of chlorine is 85.45 g/mol. 
See: atomic weight. 





mole: 1 mole is the amount of a 
substance which contains 
Avagadro’s number (6 x 10“) 
of particles. Example: 1 mole of 
carbon-]2 weighs exactly 12 g- 


molecular mass: See: molar mass. 
molecular weight: See: molar mass 


molecule: a group of two or more 
atoms held together by chemical 
bonds, Example: O. 





monoclinic system: a grouping of 
crystals that look like double-ended 
chisel blades. 


monomer: a small molecule and 
building block for larger chain 
molecules or polymers (‘mono’ 
means one, ‘mer’ means part). 
Examples: teafluoroethene for 
teflon, ethene for polyethene 


native element: an element that 
oceurs in an uncombined state 
Examples: sulphur, gold. 





native metal: « pure form of a 
al, not combined as a 
compound. Native metal is more 
common in poorly reactive 
ments than in those that are 
very reactive, Examples: copper, 
gold. 














net ionic reaction: the overall, or 
net, change that occurs ina 
reaction, seen in terms of ions. 





neutralisation: the reaction of a 
and bases to produce a salt and 
water, The reaction cause 
hydrogen from the acid and 
hydroxide from the base to be 
changed to water. Example 
hydrochloric acid reacts with, and 
neutralises, sodium hydroxide to 
form the salt sodium chloride 
(common salt) and water. The 
is more generally used for any 
reaction in which the pH changes 
toward 7.0, which is the pH of a 
neutral solution. See: pH. 














mn 


neutralisation point: Ser: end point. 


neutron: a particle inside the 
nucleus of an atom that is neutral 
and has no charge. 


newton (N): the unit of force 
required to give one kilogram 
acceleration of one 
second every second (1 ms“). 








etre per 


nitrate: a compound that includes 
nitrogen and oxygen and contains 
more oxygen than a nitrite. Nitrate 
ions have the chemical formula 
NOs. Examples: sodium nitrate 
NaNO, and lead nitrate Pb(NOs)» 











nitrite: a compound that includes 
nitrogen and oxygen and contains 
less oxygen than a nitrate. Nitrite 
ions have the chemical formula 
NOS. Example: sodium nivrite 
NaNQy, 





noble gases; the members of Group 
8 of the Periodic Table: helium, 
neon, argon, krypton, xenon, 
radon, These gases are almost 
entirely unreactive. 














noble metals: silver, gold, platinum 
and mercury, These are the least 
reactive metals. 


non-combustible: a substance that 
will not combust or burn, Example 
carbon dioxide. 


non-metal; 4 brittle substance that 
does not conduct electricity 
Examples: sulphut, phosphorus, all 
gases, See: metal, metalloid. 


normal salt: salts that do not 
contain hydroxide (OH) ion, 
which would make them basic salts, 
or a hydrogen ion, which would 
make them acid salts. Example 
sodium chloride (NaCl) 





nucleus: the small, positively 
charged particle at the centre of an 
atom, The nucleus is responsible 
for most of the mass of an atom 


opaque: a substance that will not 
transmit light so that it is 
impossible to see through it, Most 
solids are opaque 


ore: a rock containing enough of a 
useful substance (to make mining it 
worthwhile. Example: bauxite, 
aluminium ore, 





organic acid: an acid containing 
carbon and hydrogen. Example 
methanoic (formic) acid 
(HCOOH) 


organic chemistry: the study of 
organic compounds. 


organic compound (organic 
substance; organic material): a 
compound (or substance) that 
contains carbon and usually 
hydrogen. (The carbonates are 
usually exeluded) Esampiles 
methane (CH), chloromethane 
(CHOI), ethene (C,H), ethanol 
(CsH,OH), ethanoic acid 
(C,H,OOH), ete 





organic solvent: an orgunic 
substance that will dissolve other 
substances, Example: carbon 
tetrachloride (CCl) 








osmosis: a process whereby 
molecules of a liquid solvent move 
through a semipermeable 
membrane from a region of low 
concentration of a solute toa 
region with a high concentration 
of a solute. 





oxidation-reduction reaction 
(redox reaction): reaction in which 
oxidation and reduction occupy 
reaction in which electrons are 
ansferred, Example: copper and 
oxygen react to produce eopper(il) 
oxide. The copper is oxidised, and 
oxygen is reduced 











oxidation: combination with 
oxygen oF a reaction in which ant 
atom, ion or molecule loses 
electrons to an oxidising agent 
(Note that an oxidising agent does 
not have to contain oxygen.) The 
opposite of oxidation is reduction 
See: reduction. 








oxidation number (oxidation 
state); the effective charge onan 
atom in a compound, An increase 
in oxidation number corresponics 
1o oxidation, and adecrease to 
reduction. Shown in Roman 
numerals, Example mangaavate WV) 





oxidation state: See oxidation 
number, 











oxide: a compound that includes 
oxygen and one other clement, 
Example: copper oxide (QuO) 


oxidise: to combine with or gain 
oxygen or to react suel that an 
atom, ion or molecule loses, 
electrons to an oxidising agent 


oxidising agent: a substance that 
removes electrons fromm another 
substance being oxidised (and 
therefore is itself reduced) ina 
redox reaction. Example: ehlorine 
(Ch) 


ozone: a form of oxygen whose 
molecules contain three atoms of 
oxygen, Ozone Is reyarded as a 
heneficial ax when high in the 
atmosphere because it blocks 
ultraviolet rays, Leis haermfial gas 
when breathed in, so low level 
ozone which is produced as part of 
city smog is regarded ay a form of 
pollution, The ozone layer is the 
luppermost part of the stratosphere 


partial pressure: the pressure a gas 
in a mixture would exert if iLalone 
oecupied a flask, Examples oxygen 
makes up about a filthy of the 
Atmosphere. Hts partial pressure iy 
therefore about a filth of normal 
atmospheric pressure 


pascal; the unit of pressure, equal 
to one newton per square metre of 
surface. See newton, 





patina: a surface coating that 
develops on metaly and protects 
them from further corrosion 
Example: the green coating of 
copper carbonate that forms on 
Copper states, 


percolate: 10 move slowly through 
the pores of a rack. 


period: a row in the Periodic Table. 





Periodie Table; a chart organising 
elements by atomie number and 
chemical properties into groups 
and periods, 





pestle and mortar; a pestle isa 
ceramic rod with a rounded end, a 
mortar is a ceramic dish, Pestle and 





mortar are used together to pound 
or grind solids into fine powders. 


Petri dish; a shallow glass or plastic 
dish with a lid 


petroleum: a natural mixture of a 
range of gases, liquids and solids 
derived from the decomposed 
remains of plants and animals 


pH: a measure of the hydrogen ion 
concentration in a liquid. Neutral 
is pH 7.0; numbers greater than 
this are alkaline; sivaller numbers 
are aciclie, See: neutralis 
nase, 





pH meter: a device that accurately 
measures the pH of a solution. A 
pH meter is « voluneter that 
Measures the electric potential 
difference between two electrodes 
(which are attached to the meter 
through a probe) when they are 
submerged in a solution. The 
readings are shown on a dial or 
digital display 


phase: a particular state of matter 
A substance may exist as a solid, 
liquid or gas and may change 
between these phases with addition 
‘or removal of energy, Examples: ice. 
liquid and vapour are the three 
phases of water, [ee undergoes a 
phase change to water when heat 
energy is added. 








phosphor: any material that glows 
when energised by ultraviolet or 
electron beams, such as in 
fluorescent tubes and cathode ray 
tubes, Phosphors, such as 
phosphorus, emit light after the 
source of exeitation is cut off, This 
is why they glow in the diark. By 
contrast, fluorescers, such as 
fluorite, only emit light while they 
are being excited by ultraviolet 
light or an electron beam. 








photochemical smog: 
photochemical reactions are 
caused by the energy of sunlight 
Photochemical smog is a mixture 
of tiny particles and a brown haze 





caused by the reaction of colourless 
nitric oxide from vehicle exhausts 








and oxygen of the air to form 
brown nitrogen dioxide. 


photon: a parcel of light energy. 


photosynthesis: the process by 
which plants use the energy of the 
Sun to make the compounds they 
need for life. In photosynthesis, six 
molecules of carbon dioxide from 
the air combine with six molecules 
of water, forming one molecule of 
glucose (sugar) and releasing six 
molecules of oxygen back into the 
atmosphere. 








pipe-clay triangle: a device made 
from three small pieces of ceramic 
tube which are wired together in 
the shape of a wiangle. Pipe 
triangles are used to support 
round-bottomed dishes when they 
are heated in a Bunsen flame. 











pipette; a log, slender, glass tbe 
used, in conjunction with # pipette 
filler, to draw up and then transfer 
accurately measured amounts of 
liquid 





plastic: (material) a carbon-based 
substance consisting of long chains 
(polymers) of simple molecules. 
The word plastic is commonly 
restricted to synthetic polymers. 
Examples: polyvinyl chloride, nylon: 
(property) a material is plastic if it 
can be made to change shape 
casily. Plastic materials will remain 
in the new shape, (Compare with 
elastic, a property whereby a 
material goes back to its original 
shape.) 











pneumatic trough: a shallow water- 
filled glass dish used to house a 
beehive shelf and a gas jar as part 

of the apparatus for collecting a gas 
over water, 





polar solvent: a solvent in which 
the atoms have partial electric 
charges. Example: water. 


polymer: 4 compound that is made 
of long chains by combining 
molecules (called monomers) as 
repeating units. (‘Poly’ means 
many, ‘mer’ means part.) Examples: 
polytetrafluoroethene or Teflon 


from tetrafluoroethene, Terylene 
from terephthalic acid and 
cthane-1.2diol (ethylene gh 





polymerisation: a chemical 
reaction in which large numbers 
of similar molecules arrange 
themselves into large molecules, 
usually long chains. This process 
usually happens when there is a 
suitable catalyst present. Example: 
ethene gas reacts to form 
polyethene in the presence of 
certain catalysts. 





polymorphism: (meaning many 
shapes) the tendency of some 
materials to haye more than one 
solid form. Example: carbon as 
diamond, graphite and 
huckminsterfullerene. 


porous: a material containing 
many small holes or cracks. Quite 
often the pores are connected, 
and liquids, such as water or oil, 
can move through them. 


potential difference: a measure of 
the work that must be done to 
move an electric charge from one 
point to the other in a circuit. 
Potential difference is measured 
in volts, V. See: electrical potential. 





precious metal: silver, gold, 
platinum, iridium and palladium. 
Each is prized for its rarity. 


precipitate: a solid substance 
formed as a result of a chemical 
reaction between two liquids or 
gases. Example: iron (iit) hydroxide 
is precipitated when sodium 
hydroxide solution is added to 
iron(1it) chloride. Se: gelatinous 
precipitate, granular precipitate, 





preservative: a substance that 
prevents the natural organic decay 
processes from occurring. Many 
substances can be used safely for 
this purpose, including sulphites 
and nitrogen gas. 


pressure: the force per unit area 
measured in pascals. See: pascal, 
atmospheric pressure, 


product: a substance produced by 
a chemical reaction. Example: when 
the reactants copper and oxygen 
react, they produce the product, 
copper oxide. 





proton: a positively charged 
particle in the nucleus of an atom 
that balances out the charge of the 
surrounding electrons. 


proton number: this is the modern 
expression for atomic number. 
See: atomic number. 


purify: 10 remove all impurities 
from a mixture, perhaps by 
precipitation, or filtration. 


pyrolysis: chemical decomposition 
brought about by heat. Example: 
decomposition of lead nitrate. 

See: destructive distillation. 


pyrometallurgy: refining a metal 
from its ore using heat. A blast 
furnace or smelter is the main 
equipment used. 


quantitative: measurement of the. 
amounts of constituents of a 
substance, for example by mass or 
volume. See: gravimetric analysis, 
volumetric analysis, 


radiation: the exchange of energy, 
with the surroundings through the 
transmission of waves or particles 
of energy, Radiation isa form of 
energy transfer that can happen 
through space; no intervening 
medium is required (as would be 
the case for conduction and 
convection). 


radical: an atom, molecule, or 
ion with at least one unpaired 
electron. Example: nitrogen 
monoxide (NO). 


radioactive: emitting radiation or 
particles from the nucleus of its 
atoms. 


radioactive decay: a change in a 
radioactive element due to loss 
of mass through radiation. For 
example, uranium decays 
(changes) to lead. 





reactant: t starting material that 
takes part in, and undergoes, 
change during a chemical reaction, 
Example: hydrochloric acid and 
calcium carbonate are reactants; 
the reaction produces the produc 
1s calcium chloride, carbon dioxide 
and water. 








reaction: the recombination of two 
substances using parts of each 
substance to produce new 
substances. Example: the reactants 
sodium chloride and sulpburic acid 
react and recombine to form the 
products sodium sulphate, chlorine 
and water, 


reactivity: the tendency of a 
substance to react with other 
substances, The term is most widely 
used in comparing the reactivity of 
metals, Metals are arranged in at 
reactivity series. 


reactivity series: the series of metals 
organised in order of their 
reactivity, with the most reactive 
metals, such as sodium, at the top 
and the least react metals, such as 
yold, at the bottom, Hydrogen is 
Usually included in the series for 
comparative purposes, 


reagent’ a commonly available 
substance (reactant) used to 
a reaction, Reagents are the 
‘chemicals normally kept on 
chemistry laboratory benches, 

Many substances called reagents 
are most commonly used for test 


purposes, 


redox reaction (oxidation~ 
reduction reaction); « reaction that 
involves oxidation and reduction; a 
reactions in which electrons are 
transferred, See oxidation 
reduction. 





reducing agent: a substance that 
gives electrons to another 
substance being reduced (and 
therefore itself being oxidised) ina 
redox reaction, Example: hydrogen 
sulphide (H,8). 


reduction: the removal of oxygen 
from, or the addition of hydrogen 


to, a compound. Also a reaction in 
which an atom, ion or molecule 
gains electrons from an reducing 
agent, (The opposite of reduction 
is oxidation.) 


reduction tube: a boiling tube with 
‘a small hole near the closed end, 
The tube is mounted horizontally, 
asample is placed in the tube 
a reducing gas, such as carbon 
monoxide, is passed through the 
tube, The oxidised gas escapes 
through the small hole. 








refining: separating a mixture into 
the simpler substances of which it 
is made. 


reflux distillation system: a fori 
of distillation using a Liebig 
condenser placed vertically, so 
that all Uhe vapours created during, 
boiling are condensed back into 
the liquid, rather than eseaping. 
In this way, the concentration af 
all the reactants remains constant 









relative atomic mass: in the past 
measure of the mass of an atom on 
a seale relative to the mass of an 
atom of hydrogen, where hydrogen 
is 1. Nowadays a measure of the 
mass of an atom relative to the 
mass of one twelfth of an atom of 
carbon-12. If the rekative atomic 
mass is given as a rounded figure, 
it is called an approximate relative 
atomic mass, Examples: chlorine 35, 
calcium 40, gold 197. See: atomic 
mass, atomic weight, 








reversible reaction: a reaction in 
which the products can be 
transformed back into the 
original chemical form, Example: 
heated iron reacts with steam to 
produce iron oxide and hydrogen. 
If the hydrogen is passed over this 
heated oxide, it forms iron and 
steam. 3Ke + HHO = Fey, + 4H. 








roast: heating a substance for a 
Jong time ata high temperature, 
as ina furnace. 


rust: the product of the corrosion 
of iron and steel in the presene 
of air and water. 








salt: a compe often involving a 
metal, that is the reaction product 
of an acid and a base, or of two 
clements, (Note ‘salt’ is also the 
common word for sodium chloride, 
common salt or table salt.) 

Example: sodium chloride (NaC) 
and potassium sulphate (K,SO,) 
See: acid salt, basic salt, normal salt 














salt bridge: a permeable material 
soaked in a salt solution that allows 
ions to be transferred from one 
container to another, The salt 
solution remains unchanged 
during this transfer, Example: 

sodium sulphate used as a salt 
bridge ina galvanic cell 








saponification: a reaction bew 
a fat and a base that produces a 
soap. 








saturated: state in which a liquid 
can hold no more of a substance, 

Tf any more of the substa 
added, it will not dissolve. 








saturated hydrocarbon: a 
hydrocarbon in which the c 
atoms are held with single bonds 
Examples ethane (Clq) 






saturated solution; a solution that 
holds the maximum possible 

of dissolved material. 
saturated, the rate of 
dissolving solid and that of 
recrystallisation solid are the same, 
and a condition of equilibr 
reac hed,’ The amount of ma 
in solution varies with th 
temperature; cold solutions can 
hold less dissolved solid material 
than hot solutions, Gases are more 
soluble in cold liquids than in hot 
liquids, 




















sediment: material that settles out 
at the bottorn of a liquid when it 
is still, A precipitate is one form 
of sediment. 


semiconductor; a material of 
intermediate conductivity. 
Semiconductor devices often use 
silicon when they are made as part 
of diodes, transistors or integrated 
circuits, Elements intermediate 
between metals and non-metals 








are also sometimes called 
semiconductors. Example 
anium oxide, germanium 
metalloid, 










semipermeable membrane: i thi 

terial that aets as a fine sieve oF 
allowing small molecules to 
pass, but holding large molecules 
back. 


separating column: used in 
chromatography. A tall plays tbe 
containing a porous dise near the 
base and filled with @ substanec 
(for example, aluminium oxide, 
Which is known as a stationary 
phase) that can adsorb materials 
on its surface, When a mixture is 
passed through the column, 
fractions are retarded by differing 
amounts, so that each fraetion is 
washed through the column in 
sequence 




















separating funnel a pear-shaped, 
glassware funnel designed to 

nit the separation of 

miscible liquids by simply 
pouring off the more dense liquid 
while leaving the less dense liquid 
in the funnel 








series circuit; an electrical cireuit 
in whieh all of the components 
are joined end to end in a line. 








shell: the term used to describe 
the imaginary ball-shaped surface 
outside the nucleus of an atom 
that would be formed by a set of 
electrons of similar energy. ‘The 
outermost shell is known as the 
valence shell, Example: neon has 
shells containing 2 and 8 electrons 








side-arm boiling tube: a boiling, 
tube with an integral glass pipe 

near its open end. The side arm is 
normally used for the entry or exit 
of a gas. 








simple distillation: the distillation 
of a substance when only one 
volatile fraction is to be collected 
Simple distillation uses a Liebig 
condenser arranged almost 
horizontally, When the liquid 
mixture is heated and yapours 
are produced, they enter the 








condenser and then Dow away 
from the flask and ean be collected 
Example: simple distitlation of 
ethanolic acid, 








slag: a mixture of substances that 
are waste products of a furnace 
Most slags are composed mainly: 
of silicates, 





smelting: roasting a substance in 
order to extract the metal 
contained in it 


smog: a mixture of smoke and foy 
The term is used to describe eity 





foys in whieh there isa lar 
proportion of particulate mater 
(tiny pieces of carbon from 
exhausts) and also a high 
concentration of sulphur and. 
nitrogen gases and probably ozone 
See: photochemical smog, 








smokeless fuck a fuel which has 
been subjected to partial pyrolysis 
such that there is no more loose 





particulate matter remaining. 
Example: Goke ix a smokeless fuel 


solid /solid phase: a rigid form of 
matter which maintains its shape, 
whatever its container 


solubility: the maximuny amount of 
asubstance that can be contained: 
in a solvent 


soluble: readily dissolyable ina 
solvent 


solute: a substance that has 
dissolved, Example: sodiam chloride 
in water 


solution: a mixture of a liquid 

(the solvent) and at least one other 
substance of lesser abundance (the 
solute). Mixtures can be separated 
by physical means, for example, by 
evaporation and cooling, Sr 
aqucous solution, 








solvent: the main substance ina 
solution, 


spectator ions: the ioni¢ part of a 
compound that does not play an 
active partin a reaction, Fxample: 
when magnesium ribbon is placed 
in copper (tt) sulphate solution, th 








copper is displaced from the 
solution by the magnesium, while 
the sulphate ion (SO,*>) plays no 
part in the reaction and so behaves 
as a spectator ion. 


spectrum: a progressive series 
arranged using a characteristic ete, 
Examples: the range of colours that 
make up visible light (as seen in a 
rainbow) or across all 
electromagnetic radiation, 
arranged in progression according 
to their wavelength. 


spontaneous combustion: the 
effect of a very reactive material 

or combination of reactants that 
suddenly reach their ignition 
temperature and begin to combust 
rapidly, 


standard temperature and pressure 
(STP); 0°C at one atmosphere (a 
pressure which supports a column 
of mereury 760 mm high), Also 
given as 0°C at 100 kilopascals, 

Sve: atmospherie pressure. 


state of matter: the physical form 
of matter. There are three states of 
matter: liquid, solid and gaseous. 


stationary phase: a name given to a 
material which is used as a medium 
for separating a liquid mixture in, 
chromatography, 


n acid that has 


strong acid: 
completely dissociated (ionised) 
in water, Mineral acids are strong 
acids. 


sublime /sublimation: the change 
of a substance from solid to gas, or 
Vice versa, without going through 
a liquid phase. Example: iodine 
sublimes from a purple solid to a 
purple gas 


substance: a type of material, 
including mixtures, 


sulphate: a compound that 
includes sulphur and oxygen 

and contains more oxygen than a 
sulphite, Sulphate ions have the 
chemical formula SO,*. Examples: 
calcium sulphate GaSO, (the main 


constituent of gypsum) and 
aluminium sulphate Als(SO,)5 
(an alum). 


sulphide: a sulphur compound that 
contains no oxygen. Sulphide ions 
have the chemical formula S™. 

Example: hydrogen sulphide (H.S). 


sulphite: a compound that includes 
sulphur and oxygen but contains 
less oxygen than a sulphate. 
Sulphite ions have the chemical 
formula SOs". Example: sodium 
sulphite Na, 


supercooling: the ability of some 
substances to cool below their 
normal freezing point. Example: 
sodium thiosulphate, 


supersaturated solution: a sohation 
in which the amount of solute is 
greater than that which would 
normally be expected in a 
saturated solution: Most solids are 
more soluble in hot solutions than 
in cold. Ifa hot saturated solution 
is made up, the solution can be 
rapidly cooled down below its 
freezing point before it begins to 
solidity. This is a supersaturated 
solution. 


surface tension: the force that 
operates on the surface ofa liquid 
and which makes it act as though 
itwere covered with an invisible, 
elastic film. 


suspension: a mist of tiny particles 
ina liquid. 


synthesis: a reaction in which a 
substance is formed from simpler 
reactants. Example: hydrogen gas 
and chlorine gas react to sythesise 
hydrogen chloride gas. The term 
can also be applied to 
polymerisation of organic 
compounds. 


synthetic: does not occur naturally 
but has to be manufactured, 
Commonly used in the name 
“synthetic fibre’. 


tare: an allowance made for the 
weight of a container. 


tarnish: a coating that develops 
asa result of the reaction between 
a metal and substances in the air. 
The most common form of 
tarnishing isa very thin, 
transparent oxide coating. 


terminal: one of the electrodes 
of a battery. 


test (chemical): a reagent or a 
procedure used to reveal the 
presence of another reagent. 
Example: litmus and other 
indicators are used to test the 


dity or alkalinity of a substance. 


test tube: A thin, glass tube, closed - 
at one end and used for chemical 
tests, etc. The composition and 
thickness of the glass is such that, 
while itis inert to most chemical 
reactions, it may not sustain very 
high temperatures but can usually 
be heated in a Bunsen flame. See: 
boiling tube. 


thermal decomposition: the 
breakdown of a substance using 
heat. See pyrolysis. 


thermoplastic: a plastic that will 
soften and can be moulded 
repeatedly into shape on heating 
and will set into the moulded shape 
as it cools. 


thermoset: a plastic that will set 
into a moulded shape as it cools, 
but which cannot be made soft 
by reheating. 


thistle funnel: a narrow tube, 
expanded at the top into a 
thistlehead-shaped vessel. It is used 
asa funnel when introducing small 
amounts of liquid reactant. When 
fitted with a tap, it can be used to 
control the rate of entry ofa 
reactant, See: burette. 


titration: the analysis of the 
composition ofa substance in 

a solution by measuring the 
volume of that solution (the 
titrant, normally in a burette) 
needed to react with a given 
volume of another solution (the 
titrate, normally placed ina flask). 
An indicator is often used to signal 


change. Example: neutralisation 
of sodium hydroxide using 
hydrochloric acid in an acid-base 
tration, Se:end point. 


toxic: poisonous. 


transition metals: the group of 
metals that belong (o the d-block 
of the Periodic Table. Transition 
metals commonly have a number 
of differently coloured oxidation 
states, Examples: iron, vanadium. 


Universal Indicator: a mixture of 
indicators commonly used in the 
laboratory because of its reliability. 
Used asa solution or impregnated 
into paper (Indicator paper), 
which is dampened before use. 
Universal Indicator changes colour 
from purple in a strongly alkaline 
solution through green when the 
solution is neutral to red in 
strongly acidic solutions. Universal 
Indicator is more accurate than 
litmus paper but less accurate than 
a pH meter, 


unsaturated hydrocarbon: a 
hydrocarbon, in which at least one 
bond is a double or triple bond, 
Hydrogen atoms can be added to 
unsaturated compounds to form 
saturated compounds. Example: 
ethene, CH, or CHy=CH. 


vacuum: a container from which air 
has been removed using a pump. 


valency: the number of bonds that 
an atom can form, Examples: 
calcium has a valency of 2and 
bromine a valency of 1 


valency shell: the outermost shell 
ofan atom. See: shell. 


vapour: the gaseous phase of a 
substance that isa liquid or a solid 


at that temperature. Examples: water 


vapour is the gaseous form of water, 
iodine vapour is the gaseous form 
of solid iodine. See: gas. 


vein: a fissire in rock that has filled 
with ore or other mineral-bearing 
rock, 


viscous: slow-moving, syrupy. A 
liquid that has a low viscosity is said 
to be mobile. 


volatile: readily forms a gas. 


volatile fraction: the part of a liquid 
mixture that will vaporise readily 
under the conditions prevailing 
during the reaction. See; fraction, 
vapour. 


water of crystallisation: the water 
molecules absorbed into the 
crystalline structure asa liquid 
changes to a solid. Example: 
hydrated copper (11) sulphate 
CuSO,#5H,0, See: hydrate. 


weak acid and weak base: an 

acid or base that has only partly 

dissociated (jonised) in water. 

Most organic acids are weak acids. 
: organic acid. 


weight: the gravitational force on 
a substance, Ser? mass, 


X-rays: a form of very short wave 
radiation. 
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Contact Process 5:9 

convection currents 1: 33 

copper 1: 22, 24; 2: 6, 29, 32; 3: 9, 
1, 13, 28, 29, 48, 61; 4: 20, 24, 
25, 42, 45, 50, 51, 58, 60; 
11: 26; 12: 35, 38, 45 

combustion in chlorine 6: 62 

















displacement reactions 7: 43, 44, 
58 
froth flotation 2: 43, 62 
native 2: 7 
oxidation and reduction 
7210-15, 62, 63 
copper carbonate 5: 20 
copper(t!) chloride 
electrolysis 10: 58 
copper(|) iodide 2: 58 
copper(tl) nitrate 12: 38 
copper(il) oxide 
B54 








59, 60; 


reduction of 7: 12-15, 20-21 
copper pyrites 4: 51 
copper(1) sulphate 
copper(it) sulphate 2; 34, 41, 58, 

60; 5: 20; 11: 18; 

electrolysis 2: 29; 
copper sulphide 4: 58 

froth flotation 2: 62 
corrosion 2; 3 
















industrial 9: 24 

laboratory 9: 86-39, 40, 42 

thermal 9 36 
crash-cooling 1: 34 
crucible 2: 13, 36 
crude oil 





1:45 





cubic 1:11 
hexagonal 
monoclinic 1 11 
orthorhombic 1: 11 
system I: 11, 14 
tetragonal 1: 11 
triclinic 1: 11 
trigonal 1: 11 
curium 3:11, 29 
cyclohexanol 6: 30; 9: 30 


D 


Dalion, John 8:8 
Daniell, John Frederic 7: 42; 10: 64 
cell 10: 64; 
Davy, Sir Humphry 5 
6: 7; 10: 7, 38, 39; 11: 7; 12: 6 
decay (radioactive) 3: 8 























35, hts 









thermal 2: 10, 18-2: 
decrepitation 6: 23; 11: 28 
dehydrating agent 5: 38; 8: 37 

sulphuric acid as 5: 39, 40,41; 

6: 28 

dehydration 2: 38; 5: 39-42; 9: 52 

copper(it) sulphate, of 5: 39 

sucrose, of 5: 40. 
delivery tube 11: 9, 10 
density I: 12; 6: 6; 8:8 
desalt ion 12: 6 
desiccant 11: 15 
desiccator 4; 16 
Devarda’s rath 4: 27; 12:47, 52 
Dewar Flask 8: 8. 

Dewar, Sir James 8: 8 

diamond 2: 7; 
diaphragm 
diesel oil 9: 24 
diffusioi¥ 1: 20, 22, 26, 2, 8, 30, 32; 

2: 40, 45; 4: i 
combustion 6: 

displacement 

downward 11:7, 12 

matrix 7: 43 

of air t 

reactions 4: 42, 43-47; 7: 40-41, 

43-59 
upward 11:12, 13 

dissociation 2: 11; 6: 

10: 56; 11: 22 

dissolving 1: 37; 
distillate 2: 46; 11: 4! 
distillation 2: 42, 46, 65; 6: 43; 

9; 24, 32, 34; 11: 16, 44, 54, 56 
destructive 9: 23, 40-46 
fractional 2: 42, 47; 9: 20, 23, 24, 

$435; 11: 16, 17, 21, 55-57 
32, 33 
12, AG; a 33; LL: 54 


8, 20-25 





















































Dreschel bottle 9: ve 1: 15, 41 
dropper funnel 11: 9 

dry battery 7: 63 
dry cell 10: 38 
drying agents 8: 27; 
drying gases 11: 15 
drying tower 11: 15 
Dumas, Alexander 9: 19 





Heh 121s 


Dutch metal 3: 61; 7: 29 
combustion in chlorine 3: 61; 
6:62 
dyes 9: 18, 19 
synthetic 9: 56 
dysprosium 3: 11, 29 


E 


Earth’s crust 2: 6 

effervescence 7: 31; 10: 20, 30, 53, 
56, 58; 1: 36 

efflorescence 1: 18; 3: 18; 8: 21, 36 

einsteinium 3: 11, 29 

electrical charges 10: 7 

electrical conductivity 5: 34, 60; 
10: 46 

electricity 1: 9; 10: 38 

electrochemical reaction 7: 8, 40, 
43; 8:3 39 

electrochemical ser 

electrochemistry 4: 7, 17; 
8: 32; 10: 38-65 

electrodes 2: 27, 29, 
7: 42, 60, 
42, 44, 56, 62; 1: 11, 23 

negative 11: 23 
positive 11: 23 
electrolysis 1: 21; 2: 7, 10, 26, 28, 























5: 7, 28, 42, 43; 6: ; 
8: 32; 10: 7, 39, 46, 50, 54, 56, 
7,8, 10, 11, 22; 12: 6 
8-29 
copper (1) sulphate, of 2: 29; 
4: 62; 10: 60 
copper(i!) chloride, of 10: 58 
industrial extraction using 2: 10, 
u 
sodium chloride, of 7: 6465; 
10: 39, 48 
strong and weak electrolytes, of 
10: 46 





sulphuric acid, of dilute 5; 28-29; 


10; 56 
Universal Indicator, with 7: 64, 
65. 
water, of 8: 32:35; 10: 54 





electrolytic cell 2 10, 11, 3; 10: 38 
electron configuration 3: 7 
electron shells 3:7 






electroplating 10: 
element 1:1 





16, 32, 40 
: 6 AND 


combustion of 6: 6, 48-63 
emulsion 2: 40, 62; 11: 44 
end point 5: 61; 11:58 
endothermic reactions 3: 20; 6: 8, 
10: fA0: 
: y, 8: 25 
1D) THROUGHOUT 












energy 1: 20. 

10:6 
state 1:36 

engine, internal combustion 6: 40 

epoxy-resins 9: 57 

erbium 3: 11, 

ethanamide 1: 42 

ethane 9: 21 

ethane-1, 2diol 9: 22 

ethanoic acid (a 








ethanol 
ethene 9% 
ether 
ethylene glycol 9: 22 
ethyne 9 21, 22 
europium 9 
evaporation 1: 6, 365 2: 61; 8: 
1: 44 

















5; 


exothermic reactions 2: 16, 24, 33; 


4:9, 10, 18, 22, 23, 24, 25, 32, 








fermium 3:11, 29 

fibres, synthetic 9: 56, 57, 
11:19 

filter paper 11: 63, 64 









filtration 2: 56; 11: 
gravity 11: 62 
simple 2: 43 
suction 11: 64 





flame retardant 
flammable 2: 24: 11: 8 
flask 11: 10 
flocculation 11: 61 
flotation 2: 43, 62 
fluids 1:7 
fluorine 3: 11, 60; 
formaldehyde 9: 64 
formula 2: 36 
fossil fuels 6: 38, 41 
fountain experiment LL 
fraction 2 
heavy 1 
ight 11 
fractionating column 2: 42; 
34;1 
francium 3: 10, 14 
Franklin, Benjamin 7: 
freezing 1: 36, 5: 




























10: 6; 12: 29° 
smokeless 9: 43. 
funnel 11: 10 
Biachner 11 
inverted 11 
thistle 12: 20 








gallium 3 
Galvani, Luigi 10: 38 
galvanising 447 
gangue 2:43 
gas jar 11: 12 
gas syringe 10: 18, 20; 11: 12, 14 
gases 1: 6, 8, 9, 12, 26, 36, 42 AND 
THROUGHOUT; 2: 42 
11: 8-44; 20-43 
density 1: 12, 13 
diffusion 1: 22, 26, 28, 29 
drying 11: 14 
phase or state 1: 6, 48, 50 
preparations of 11: 10 
ammonia 11: 24 
carbon dioxide 11: 36 
carbon monoxide 11: 40 
chlorine 11: 34 
hydrogen 11: 18, 22 














hydrogen sulphide 1 
nitrogen dioxide 1 
nitrogen monoxide 1: 
oxygen 11: 20 
sulphides 11:42 

pressure 1:30 

separation 11:16 

tests for 12: 20-43 
ammonia 12: 20, 34 
bromine 12: 20, 37, 40 

carbon dioxide 12: 20, 24 

carbon monoxide 12: 20, 
chlorine 12: 20, 42, 43 
hydrogen 12: 20, 
hydrogen chloride 12: 20, 32, 











26 














hydrogen peroxide 12: 16 
hydrogen sulphide 12: 20, 2 
31 





iodine 12: 20, 41 
nitrogen dioxide 12: 20, 38, 
39, 40. 

nitrogen monoxide 12; 20, 35 

nitrous oxide 12: 6 

noble 12: 28 

oxygen 12: 16, 20, 22 

sulphur dioxide 12: 20, 28, 29 
gasoline 9: 24 








seph Louis 5: 7, 8; 








oul sapiens 
glucose 1: 34; 9 
glycerine 9: 29 
glycerol 9: 22 
gold 3 9, 11, 28, 30; 
grain aleohol (ethanol) 9 
graphite 2: 7, 

gravimetric analysis 11: 61 
Greenhouse gas 8: 8 

Group I elements 3: 10, 1219 
Group 2 elements 3: 10, 20-27 
Group 3 elements 3: 11, 36-39 
Group 4 elements 3: 11, 40-43 
Group 5 elements 3: 11, 44-53 
Group 6 elements 3: 11, 5459 
Group 7 elements 3: 11, 60-63 
Group 8 elements 3: 11, 64 
groups, Periodic Table 3: 8, 10 


H 


Haber—Bosch 11: 25 
haematite 4; 51 
hafnium 3: 10, 28 
Hales, Stephen 11: 6 























halogens 2: 






as oxidising agents 7: 
28-81, 33, 34 
Harcourt-Essen reaction 7: 27 
hard water 8: 9 
hardness, water 
permanent 8: 57, 58 
temporary 8: 57, 58 
heat 1: 9; 6: 6 AND THROUGHOUT 
capacity 6: 6 
chemical change, and 6: 8, 18:25 
latent 1; 52; 6: 6, 8, 15 
of combustion 
physical change, and 6: 7, 10-17 
heating mantle 11:8 
heavy fraction LL 
helium 8:7, 8,9, 11, 65 
Helmont, Jan Baptista van 11: 6 
Hess's Law 
Hess, Germain Henri 6:9 
hexan-1, 6-diamine 
hexan-tiol chloride 9: 
hexandioic acid 9: 
hexane 4: 12 
hexanol 9: 50 
hexene 7. 
Hoffman's apparatus 10: 56 
hohmium 8: 11, 29° 
Hooke, Robert 
hydrated salt 6: 19 
hydration 8; 28, 36; 
hydrocarbons 6: 
21, 22, 23, 
aromatic 9 21 
saturated 9: 22 
unsaturated 9: 22, 37, 39, 56 
hydrochloric acid 5: 6, 8, 11, 13, 
18, 21, 22, 32, 50, 56; 11: 18, 
34-36, 39 
hydrogen 1s 12; 2: 10; 3:6, 8,9, 11, 
12, 13, 16, us 4; 14, 18, 22, 26; 
i 4; LA 7 
bonding 3: 12; 8: 24 
combustion in air 6: 52 
reducing agent, as a7: 8, 12-15 
eS chloride 1:28; 11:7, 25, 





































6, 37; LAs 7 


12; 14 
40, 43, 44; 9: 7, 




















hoger cyanide 9: 20 
hydrogen peroxide 

7:23, 26, 27; 11: 20 
hydrogen sulphide 11 
hydrothermal deposits 

- hydroxides 4: 17; 5: 10 











I 
ice 8: 24, 25 
ignition temperature 6: 38 
immiscible 2 
immiscible liquids 11: 46 
impurities 1: 36, 61, 62, 63 
incandescence 9: 8, 25; 10: 22 
incandescent flame 
incomplete combustion 
indicator 4: 47; 5: 10, 43, 6 














indium 3: 6, 11 
induction period 6: 64 

inert gases 3: 7, 8, 65 

inert substances 9: 20, 46; 11: 55 
inhibitor 10: 7 

inorganic substance 2: 9; 11:7 
insoluble bases 5: 46 

insoluble salts 5: 52 

insulator 4: 9; 8: 25 

internal combustion 6: 42-6 
iodine , 64; 3: 11, 60, 62, 









, 28, 20, 41 
iodine-iodide 7: 26, 82, 33 60-61 
ionic bond and bonding 

See: bonding 
ionic compounds 10: 48; 12: 6, 46 
ionic theory 






7, 26, 27, 29, 62; 4 
, 10, 30, 42, 47, 4 


test for 12: 46-65, 
aluminium 12: 47, 59 
ammonium 12: 47, 57 
bromide 12: 47, 48 
carbonate 12: 47, 56 
chloride 12: 47, 48 
copper(il) 12: 47, 60 
hydrated 1: 18 
iron (I) 12: 47, 62 
iron (tt) 12: 47, 63 
lead 12: 47, 64 
nitrate 12; 47, 52 
sulphate 1 
sulphide 1 
zine 12: 47, 65 

iridium 3: 10, 28 

















combustion in chlorine 4: 
6: 60 
combustion in oxygen 6: 57 
displacement reactions 7: 43, 
5456 





irom (i) hydroxide 12: 62 

iron oxide 3: 30, 57; 4: 64, 63; 
7:18, 22 

iron(1) oxide 2: 24 

iron(11) sulphate 1 

iron(11) sulphide 1 

isotope 3: 11 








joule 6:7 
Joule, James Prescott 6:7 


Kastner, K.W.G. 9: 19 
kerosene 9: 24 






Kirchhoff, ¢ 
krypton 3 


Tanthanides 3:9, 10, 28 





conservation of energy, of 6: 9 
Definite Proportions, of 8: 8 
electrolysis 4: 7 
Hess's 6:9 
Partial Pressures, of 8: 8 
Periodic 3: 6 

lawrencium 3: 10, 28, 

leaching 2: 10, 43 





22; 11, 40, 41; 4:8, 
26, 42, 43, 50, 51 
displacement reactions 7: 43, 
5758 
lead acetate 12: 30 


lead bromide, electrolysis 2: 30 

lead hydroxide 12: 64 

lead iodide 11: 62 

Jead nitrate 9: 6; 
12: 30, 31 

lead (11) oxide 2:1 
33 

lead sulphate 12: 64 

lead sulphide 12: 50 

Leclanché cell 10: 64 

Liebig condenser 






11: 28; 

















32, 33, 34; 11: 54 
Liebig, Justus von 5: 
light 10: 24, 28, 
Timescale 8 57 
limestone 3: 245 4: 

py 


limewater 2 
55; 11: 16, 3 
liquefaction 2: 42: 
liquid phase 1 
liquids 1: 6, 7, 
AND THROUGHOU 











lithium 
liumus 2 
bleaching of 7: 34:35 








5:8 





magnesium 


26, 27; 4: 6, 18, , 38, Al, 49, 





diplecrtsenbe reactions 7: 
45-49 

ribbon 2: 24 

Separation of a mixture by using 





magnesium carbonates 8: 57 
malleability 
manganate ion 7: 60 
oxidation states 7: 23, 36-37, 61 
manganese 4: 8 
manganese (IV) dioxide 11: 20 
manometer 1: 30, 58 
mass 1: 7, 28; 4: 38; 10: 18, 2 
molecular 1: 13 
match 6:7 
matter, states of 
THROUGHOUT; 6: 
Mayow, John 8: 6 
melting 1: 36, 37, 38; 6: 7, 13, 15; 
9: 20 








61 





. 46 AND 
6; 11: 61 














11, 28, 90; 4: 6, 
10, 24, 80, 51, 52 

mercury({!) oxide 2: 18; 4: 525 6: 20 

metallic lustre 7: 49, 53, 58 

metalloids 3: 9, 11, 36, 40, 44, 54, 
60; 43.9; 7:8 

, 11, 14, 20, 26, 


methane 4: 58; 8: 6; 9: 2, 21, 23, 25, 
26, 42, 45 
methanoic (formic) acid 11: 40 
methanol 9; 23.40, 50, 51 
methyl orange 12: 7,11 
methyl red 12: 7 
methylbenzene 12: 49 
mineral acids 5: 6, 9.40 
minerals 
mixture 1:27; 2:6, 8, 16, 40, 44, 
45, 55 AND THROUGHOUT 
8,14; 11:7 
heterogenous 2: 40, 55 
homogencous 2: 40 
mole 10: 14 
molecules 1:6, 20,21, 22, 26,31, 


















* 1 
8, 24; 10: 6, 22, 395 


i: 4 


separation of 2: 48-65 
molybdenum 3: 10, 28 
monomers 9: 37, 56 


N 


naphthalene 1: 45; 
native copper 2: 
native elements 
natural gases 
neodymium 8: 10, 98 
neon 2: 7; 3: 8,9, 11, 65 
neptunium 3: 10 
netionic reaction 7: 
neutral 5: 64; 1: 8. 
sation ds 7, 4! 

















0) (See alsov endl point); 
neutrality * 10 







ir ae 17; 2:6 
0, 28, 29 
niobium 3: 10, 28 
nitviites 2: 10; 43 56; 5: 51; 12: 52 
effect of heat on 6: 
nitric acid 
24, 26; 6: 37; Uh: 26; 1 a, 38 
and metals 4: 24, 25, 
nitric oxide 112 27 
nitrites Br 21, 22 
nitrocellulose 
nitrogen 27, LL, 44, 48, 52 
89.6.8, 9, 18) 11s 7 
nitogen dioxide 2:12, 13, 14, 45; 
6: 1: 26; 12: 20, 38, 








38 






39, 40 
nitrogen monoxide 2 44; 
Tr 30; 12: 20, 35. 
nitrogen oxides: 
nitrous oxide 1] 
nobelium 3:11, 29 
noble gases 2 7; 3: 7, 8, 65; 8: 














12)23 
non-metals 2: 6, 32; 3:9, 11, 40, 44, 
54, 56, 61 8:6 





normal salt 52 50 

“nox! gases 11: 27 

nucleus 3:6, 7) 12: 46 

ugyet 2:7 

nylon 9% 6, 80, 56, 57, 62 
laboratory preparation 9: 62-63 


oO 
octane 9: 21 
oils 9: 29 
oleam 5: 
opaque 1: 48 
ores 2: 6, 10, 22, 43: 8: 83, 36; 4: 50, 












organic chemistry 9: 
THROUGHOUT 
organic compounds 3: 12, 42: 
9: 18.55 
osmium 3: 10, 28 
osmosis 21,94, 35 
osmotic pressure 1: 21 
oxalic acid 9: 20 
: 12.17, 24, 















oxidation states 3: 29, 34; 
38, 41 
oxides 25 
layer 
effect of heat on 6: 23 
oxidising agen 2: 98; 3: 





16, 20, 22 
jon 77 

as an oxidising agent 7: 10-11 
ozone 3: 54; 7:8 


E 


pnitrophenol 12: 7 
paints 9:56 
palladium 2: 7; 3: 10, 28 
al pressures 10: 22 
pascal 1: 65 
Pepys, Samuel 2: 6 
Periodic Law 3:6 
Periodic Table 1: 21; 2 6, 
10-11, 28 AND THROUGHOUT; — 
4: 6, 8; 7: 8-10, 28; 8: 10, 46: 
10: 38. 
periods 3:8, 9, 10 
permanent hardness 8: 57, 58 
Petri dish 11: 58. 
petroleum 9: 20, 34 
pH 5: 56, 60, 64; 12: 7, 10 
meter 5: 3, Ne T1: 58; 12: 10, 12 
























phase change 1 
phenolphthalein 12: 
phlogiston 7: 6, 7 
Phlogiston Theory 8: 6, 7 
phosphine 3: 49 
phosphorus 3: 11, 44, 46, 49: 6: 7 
combustion in air 6: 48 
phosphorus(v) oxide 3: 49 
photochemical smog 6: 41; 7:9; 
12:39 
photosynthesis 3: 
physical change 2: 44: 
—chemical change 















pig iron 4: 65; 7: 
‘plastic’ sulphur 
plastics 
platinum 2:6, 7; 3: 10, 28 
8 
plutonium 3: 11, 54 
pneumatic trough 7: 17, 65; 8: 7; 
117,14 
polar mol 
pollutant 
pollutants 12: 
pollution 1 
polyester 
polymerisation 
addition 
condensation 9 
of sulphur 1: 39 
thermoplastic 
thermosetting 9: 57 
polymers 3: 42, 43; 9: 
natural 9: 5 
synthetic 9: 
polymorphism 4: 7 
polyethene (polythene) 9: 56 
pores 1: 34 
porosity 4: 16 
porous pot 1:30 
potassium 
17, 18; 4: 6, 
56; 12: 6, 14 
potassium bromide 12: 36 
potassium chlorate 11: 21; 12: 22 
potassium dichromate 12: 28 
potassium hydroxide 3: 17; 5: 42 
potassium iodide 12: 16, 17, 41, 43, 
48 
potassium nitrate (saltpetre) 3: 18, 
19: 4: 56; 6 21; 1 
potassium nitrite 
potassium permanganate 
(potassium manganate(VH)) 
1: 30, 32; 6: 37, 64; 1: 34, 46, 



































9,10, 14, 
14, 28, 50, 5! 


























praseodymium 3; 10, 20 
precipitates 2: 56, 58, 60; 
10: 24; 1h: | 
24,47 
gelatinous 1: 61 
precipitation 5: 52 
preparations 11 THROUGHOUT 
pressure 19; B: 6; 10; 22 
standard 1; 57; 12: 1 
Priestley, Joseph 7: 6; 8: 
Hz 7; 12: 92 
promethium 





















propene 9 
protactinium 3: 10, 29 
proton donation 
proton number 3:7, 11 
protons 3: 6 
Prussian blue 5 
purification 2: 29 
pyrites 2: 10 
pyrolysis 6: 

















9; 25, 36, 40, 42, 49. 


quantitative 


analysis 2: 36; 4: 58; 

preparation of 

tivation 1: 58 
quicklime 4: 53; Be 4 


R 


radioactive elements 3:8 

radium 3: 10, 20 

radicals 5: 22 

radon $: 8,9, 11, 6 

Ramsay, Sir William 3: 6, 8; 8: 9 

Rayleigh, Lord 8: 9 

rayon 3: 42, 43; 9 
laboratory pre| 

reactants 2: 36: 


55; 6: 38 
solution 1148 











2; 6: 53; 1 46 





18, 59, (il, G2 
aration 9: S061; 
0:6, 12, 
4 


















reaction rates 10:7 
reactivity 4: 42; 8: 64; 10: 13, 18, 38, 
65; 
of metals 4: 18, 








reagent LI 
redox 7: 6, 15 AND THROUGHOUT 
titration 7: 24 
reaction 12: 16 





65: 2: 10, 
va P2516, 













vefining 2:10, 11, 4 
OMG 
relative atomic nvass by 80; S¢ 11 

10; 14, 38 
residue 25 60 





respiration $154; 7 6 
retort stand 1:9 
reversible reaction 6; 8) 8:7 
rhenium 3: 10 
thodium 3: 10,2 
ripening 76 
voasting of ores 219 
rock saltds O1, 15 46 
Royal Society, The Hs 7 
rubber 9 fb 








8 


synthetic 9 56 
rubidium 3:10, 28; 6:9 
rust/rusting 4116, 47, 68) 716, 7) 
BO 
Rutherford, Daniel Ar 





sactificial anodes 4.47 
salt bridge 7% 60, 625 10: 64 
salt, common or table (sodium 
chloride) 1162, 6%; 2 10 
saltpetre 62 7 
salts 2192; 51 10, 49-51 AND 
THROUGHOUT, Hh 24, 58) 
12:46 
electrical conductivity 5: 60 
insoluble 
soluble 
samarium 9: 






10, 29 


saturated solution 2 28; 8: 4M 
scandium $16, 10, 28 
Scheele 


Kart, Wilbisim 7:7, Be 8, 9 





seed crystals Te 15. 

selenium 2: 7; 311, 54 
seminnetals 319, 11; 456; 7) 8 
semi-permeable membrane 1: 21 





semiconductors 3:9, 40 





separating 
column 9; 








gases 1 
Tiquids 11: 44 
solids 11; 61, 6 
series circuit 10; 








‘ide-arm boiling tube 11: 9; 12: 20 
silica gel 4:17 





silicon a 9, 11,40 








halogen s: f 
silver chloride 1 
silver mirror test 9: 5 
er nitrate 9: 54; 1: 33; 12: 32, 








smelting 2: 
smog, photochemical 11: 30 
smokeless fuel 6: 
soap solution 1: 5 
soaps 9: 18 

sodium 1: 10; 2: 










28, 50, 53; 12: 6, 
combustion in chlori 
electrolysis 2: 10, 26-28 

sodium bromide 12: 48 

sodium carbonate 6: 19; 11:39; 

12: 24, 56 

sodium chlorate 7: 34; 

sodium chlorate(1) 11: 35; 1 

sodium chloride 1: 10, 11, 

42, 4 

12: 46, 48 See also: sal, 
common 
electrolys 

sodium decahydrate 6: 19 

sodium formate 1 

also: sodium methanoate 

sodium hydroxide 2: 10; 3: 16; 

4; 26; 5: 42, 44, 45, 55, 58; 6: 9; 
1: 41; 12: 47, 57, 594 
manufacture of 5: 43 

sodium iodide 12: 48 

sodium methanoate 12: 26 

sodium nitrate 12: 53 

sodium sulphate 12: 

sodium sulphide 12: 

sodium sulphite U1: 49 

7:35 
sodium thiosulphate 1: 52, 53; 
7:26, 27 



























12: 28; 


solidification 6: 15 

solids 1: 6, 7, 8, 9, 36, 37, 38, 
AND THROUGHOUT; 
1 


51 
and temperature 6: 16, 17 
soluble bases 5: 46 











soluble salts 5: 54 
solute 1 
4: 20; 6: 16, 17; 8: 
10: 39, 46; 11: 44 





solution 1: 14, 











specific heat 6:8 
spectator ions 5: 52; 7: 36; 8: 20, 38 
spectroscopy 
atomic emission 12: 44 
sph: 
splint, test for oxygen with 12: 22 
spontaneous combustion 6: 39, 64; 

















standard pressure 1 
starch 9: 19 
starch-iodide 1 
states of matter 
THROUGHOUT; 6: 
stationary phase 23 
steam 1: 6, 42 
reduction of 
strong acids 5: 


. 46. AND 
; 11: 61 





strontium 3: 
sublimation 1 





sucrose 6: 28: 9: 52 
dehydration of 
suction pump 11: 64 
sugar 9: 52, 54 
dehydration of 6: 28 
sulphates 2: 








“buckled!” ring structure 6: 10 
combustion in oxygen 6: 51 
oxides 6: 41 


phase, changes of 6: 10 
‘plastic’ 1: 4; 6: 11 
sulphur dioxide 7; 6, 60; 
11: 7, 42; 12: 18, 20, 28 
test for 4: 58 
sulphuric acid 5: 6,9, 14, 15, 16, 
17, 20, . 24, 28, 30, 34, 
38, 40, 46; 11: 40, 43 
as a dehydrating agent 6: 28 
as a drying agent 
electrolysis 5: 2 
manufacture of 5:9 
sulphurous acid 1 
supercooling I: 
supersaturated solution 1: 14 
sulphites 5: 21, 22 
surface area 10: 18 
surface tension 8: 24 
43, 58; 11: 445 12: 24 
) 






















suspensio! 









synthesis 
synthesis 
. 62; 


3: 10, 28 


tantalum 7 
tare weight/taring 4 





tarnish 4: 12 
tartaric acid 9: 20 
technetium: 








solubility and 6: 16, 
temporary hardness 8: 
terbium 3: 11 
terminal 10:2 
tests 12: THROUGHOUT 

brown ring 1 

me 12: 44, 45 
es 12: 20-43 

















for oxidising agent 12: 16, 17 
for oxygen with splint 12: 22 
for vapour 1 
for water 8:2 

tetraamminecopper(It) 3: 

thallium 3: 11, 36 

Thénard, Louis Jacques 5: 7; 

thermal decomposition 2: 10, 

18: 8, 20-2: 

Thermit process 4: 64 

thistle fannel 11: 9; 12; 20 

thorium 3: 10, 29 

thulium 3: 11, 29 

fin 2: 6; 3: 11, 40; 4: 8, 29. 47 

titanium 3: 10, 28 






















; 8: 58; 





8, 10-11, 26, 






transition series 3; 28 
translucence 1: 46 
tungsten 3: 10, 28, 29; 4: 6 


U 

Universal Indicator 6: 48; 7: 64, 65; 

10: 47; 11: 13; 12: 7, 10 
unnilennium 
unnilexium 3 
unniloctium 3 
unnilpentium 3: 10, 
unnilquadrium 3: 10, 28 
unnilseptium 3: 10, 28 
ae displacement 1: 12, 13 
















U-tube I: 22 


v 


vacuum 1; 22 








vaporisation 1: 36, 48; 

vapour I: 48, 58; 6: 6, 13, 14; 8: 25; 
9:8; 11: 17, 44, 54; 12: 14, 41 

ter Li 6 

vinegar (acetic acid) 9: 18, 32 

viscose tubing 1: 34 

viscosity 1 10 

visible spectrum 7 34 

lity 9: $4; 1 




















38; 1 
volume 4: 38 








water 2: 10; 3 
THROUGHOUT; 
cycle 1: 44 
distillation of, simple 2: 46 
electrolysis 8: 
hardness 8: 3, 9, 57, 58; 11: 58 
permanent 8: 57, 58 
temporary 8: 57, 58 
of crystallisation 1: 18, us 3: 18; 
a 





6, 29, 41, 56, 











tests for 8: 26-29; 12: 14 
vapour 12: 14 
water of crystallisation 12: 14 
vapour 8: 6, 25, 28, 30; 12: 14 
8: 






















combustion of 6: 38 
weak acid 5: 6, 17, 34, 86, 64 
weak alkalis 5: 
weak radicals 5: 
weight 1: 7; 4 
wood 
alcohol (methanol). 28, 40 
pyrolysis of 6; 495 9 40 


x 


xenon 3: 6,8, 9, 11, 65 


Y 


ytterbium 3: 11,29 
yttrium 3:1, 10, 28 


Z 
; 3: 11.28.30; 43 20, 22, 
, 27, 38, 41, 42, 44,46, 
51, UN 18 









vine 2:7, % 








zinc-copper cell 7: 62 
airconium 3: 10, 28 






















